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CHAPTER 2

MERE=ATEREIZY R

A X — S AR A 5 0 THAR B IS o0 T A C Al C ++ 7. B2 Tk 2 THAY A
HE, MARHEBREEHCH C RN,

> BH
PEP 489 - Z|y Bty B 11k,

21 {#f C g C++ ¥ & Python
WIRRSH C, IIHTE) Python Py EARER R M. AT WA REH Python BLIZMAY =R, wDAE N
extension modules HeSZP: SEPLHT P BEXT S22 JHH C MEREM ARG R .

NT AEYNE, Python APT (W HIREFF St 1) €T —RIKE. RHASH, ATLATII Python iZ1T
I AR GEH R 7> %S Python ) APT AT DA I AE—A C PESCAF T "python. b SKICPFRAEN]

PR 9 5 7 U S R H R A RGE LR R & 2N 4

O #ik:

C ¥ J&$ 4545 CPython, ¥ EAIICIAAEH A Python SEH) E T AE. FERZAUHOLN, MiZ#hes C
PR, RO RAEE. 2540017, WRARRIROIAM T C PEsRZIA , ARBLZE B ctypes
B offi B, MARHACE C M. XERRAFIRE Python IGRE N C UG, F HAHB T %
BN C 4 A, %7 IAHEAF] Python SEHZ [A]. AT B i iy I AR AR

211 — M EEBF

IEFRATE H — P AL span (Monty Python 5 22 5z - Wi B #)...) I HLARZLA A B C 42 bR 4L
system()' ) Python 4 1. X/~ 4045 52— A A null 85 B 1) FAF 8 SHOFR Il — AN g 752
A PATE Python HPAURR 77 2R I bR £

>>> import spam
>>> status = spam.system("ls —-1")

!B P 1 B RAERRIERIE o5 HLT, ik LY — AN BT ELAE A 6
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IR E# A spammodule.c CfF. (4L, WR— DB spam, WXL E R C M
spc;tmmodule-c; R FAER K, B spammi £y, WXAMEEBRASCPEAT DL EE Y spammify .

SCPEARIHRI AT 2

#define PY SSIZE T CLEAN

#include <Python.h>

X2 Python APT (URAREE, ARAT LATEIX LGS IR i H ARFUSAL G B HERR) o

O #ik
1T Python W RE<x i L —SERETEHELE R4 F g M Am it Sk SCORR AL FIEs e S, 1R A 6 35 A A A e
%&j(##i:ﬁﬁ, V<d&5ﬁfﬁf§€§Python.ho

$define PY_SSIZE_T_CLEAN @ JHF5H] py_ssize_t W 47EFHELE API /0% int i . & Python
33 REATFTFRE, ERMGEEH T TS . 5S4 arg-parsing-string-and-buffers FRHLI% % (1) 4
R,

FRATE python.h W CHY A W AF S8 B A py B py BISE, CFEFRHESL SO e LR L
Hbe FIEFEAME, Wk T HAE Python MERESS ) iZ ], "Python.n AL T —LEARiESL S
<stdio.h>, <string.h>, <errno.h> fll <stdlib.h>. WG SERR RS EAFELE, BER
S HPEFEIHR S malloc (), free() Ml realloc().

TN C pRAE YRR, M spam. system(string) BFMUBMIN, GRATRG2F2IRAD:

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple (args, "s", &command))
return NULL;

sts = system(command) ;

return PylLong_FromLong (sts);

}

A HERFESEINERN HE GENBIT, B n1s -1v) B EEHE C RS CREEZAW
MNBH, WA T2 self Fl args .

XRLERZE PREL, self SRR SR XTI7 IR MR [ R G551

args ZHIE 41— Python 1) tuple XPA (455, AP W& SHL. 44> tuple TR — MRS H. XL
SR A2 Python X4 - ZAERATH C B BT MU EN TR 20 R HAL el C {H. Python API H1fy
Pi%L PyArg_ParseTuple () RMGESHERADIFFFHAAN C{H. BB T RIE R ENSHERR
PABAFAH DA (Y C AZ R2RAL. IR RS S R .

PyArg_ParseTuple () TEFTA SHE A TEHE 2 HLLH BUER A # 0F cre 1% 13 kS p ekl B s, 3R Jm] BT (FE
E), HAEEGALKRSEHR AR (). EEeepl 78, Baibe R, S50 A1 R BT ABL#IR
W] NULL (H 2 5 BT L) -

21.2 XTFHEIRIRE

H£A Python fEREZS RELH — MR TR EER G : U — RGBT RIS, BN 4 BE A2 &0
IR —AERE GEE N -1 3 NULL $540) o FEE BRI ERER ARSI AR R . i
B REMENTMEN NULL. FEHMEN T E1/E sys.exc_info () AR [F A Python JCALH AL F Y C X
M. BB a2 e sl it 4. BRAR S AT T R ARA R B WL e p R T

Python APT 15 ST — ¥ KOk B Tk HEA5 i

6 Chapter 2. FERE=H TR R
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WX EM CFRH. FHENIR - KEH]

B 5 H Bt & PyErr_setstring(). HSHEF
C FAFH eI IR, T8 — 1> Python

PyExc_ZeroDivisionError iXFEM TE L X4,
TFERRT AT R S ) < RIRAE

Ti— A MRS PyErr_setFromErrno () , UEZ—PMRENG, REMBEEGESFREE errmo
W Il R EGA )& PyErr_SetObject () , WETHNSEL, 0N XTI FH /A . RATEEMS
F Py_INCREF () SRHGNNA% 8 2] HAD R A SO0 515 T4

YRATVAIE L PyEre_Occurred () FEANE MUBCIR I UL T AR N2 AR BEHE 7588 o 0RFaR [0 24 S 3 0 42,
ol AR R S A S AR 0] wULL. URIEB RN EIH A pyEre_Occurred () RALH KB M e KA
THER, PUMARBOZAEAGR HE P ik .

M ASEA AR g BRI EL R T, I DRI A RHRAE G NULL B -1).
E RBIIA pyBre_» B - SRBEC G ¢ AT T . f ROV (I L5 ] — i R
TR C IR, R R R pyEcr -, (UGSHE — ARSI 28 R IS 1
T o — SRS Python FIREAEAY £ 1RFF, & 21 UATHLATHY Python RS IF2% b4k il Python
TR LIS 2 1 S AL B

(TEHLERE O T AR S RERS T VR T HVE pyEre_» BRBORS M O TR S DN ., IF BAEIX L5 0L
TR LAY o (FR F I — R, RN, R RE SO KRG BB R REARME
2 TR R A I 0 )

FEL 2 i — DRI RO ri B R, R AR AR pyEre_clear () WaHIBIE R
C RGN 2415 PyErr_Clear () MUME—IE LIS AR B AR R IR AL A RS T 2 AH 5e 4l B O R b B
B (TRl A, SO BEEE ) .
HRRME malloc () P HBIEE N —DFH . malloc () (8 realloc () ) WY EH IV H & L 211H H
PyErr_NoMemory () FiRBIEHIRAKIE R . I X Z A= KA (F1U1 PyLong_FromLong () ) EL&X AM T,
P A AN R T BV malloc () AYREDL.

HEERER)Z, R pyArg_parseTuple () SFEZRYBISL, 12 I HEHCR A A ok K000 A0 e 1R 7] 1 B
TRIFTRIIN, LA -1 FoRRM, 4l Unix RGERA—H.

Boa, SRR AN R E N A i B R BRI GBI AR E SRR R AT Py _XDECREF () I}
Py_DECREF () i )!

PEPE G A WBAS 58 58 A PO TR 5 4F . BT Python [N B 55 55 &84 XM I T A= B C XF 4, fldn
PyExc_ZeroDivisionError, {RA] DAEIZME B AMT. MK, WM M HEFE R - AEMH
PyExc_TypeError JRKFE /N XA TLIEFT I (W HREMN. 1% PyExc_OSError HUEHF) o WNRSES) FH W
#l, PyArg_ParseTuple () PREGHEK 25| K PyExc_TypeError. WIRARAHE— NS EIE LR E
Eﬂﬁﬂﬁidﬁfﬁﬁ%fﬂ}iﬁﬁﬁ%ﬁ#, mUﬁﬁii{ffﬁ PyExc_ValueError,

YRALTT DARE SCARFAAR R B8 8 o AR X s Y B 7 PR 3R A SRR RSk R I — AN S 2 /x4 AR

=

H.

[static PyObject *SpamError = NULL;

)

FE AR Py_mod_exec RN (spam_module_exec()) FEH PyErr_NewException () ¥ 154k

=8

[SpamError = PyErr_NewException ("spam.error", NULL, NULL);

J

HT spamError 2— &R, ERFEBIERREHPIIG g, B Py_mod_exec PREIHIA
Fﬂ HTJ‘O

FEH AT, AEATERX A FAIRFE 5] % tmportError SRPH IR IR 1L:

static PyObject *SpamError = NULL;

static int
spam_module_exec (PyObject *m)
{
if (SpamError != NULL) {
PyErr_SetString (PyExc_ImportError,

(BT

21. {Ef C 5 C++ ¥'J& Python 7
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(#2 E50)
"cannot initialize spam module more than once");
return -1;
}
SpamError = PyErr_NewException ("spam.error", NULL, NULL);
if (PyModule_ AddObjectRef (m, "SpamError", SpamError) < 0) {
return -1;

return 0;

static PyModuleDef_Slot spam_module_slots[] = {
{Py_mod_exec, spam_module_exec},
{0, NULL}

bi

static struct PyModuleDef spam_module = {
.m_base = PyModuleDef HEAD_INIT,
.m_name = "spam",
.m_size = 0, // non-negative
.m_slots = spam_module_slots,

i

PyMODINIT_FUNC
PyInit_spam(wvoid)
{
return PyModuleDef Init (&spam_module);

i H %S E X4 ) Python & #7 4 spam.error, PyErr_NewException () pPREUW PARIEE 2K
Exception [ (BAREA T 5H—12MAE NuLL), 10 bltin-exceptions H TR )

TR spanError ASHMRE T — A B Q1K 77 KRG ; Lmﬁ CHZIL TSR T RES PN
PRI F I, BT ST — 2005 | DA B R R B B e, M 5 SpamError JSK—
MEERE. WRRHEIION B, W5 %K% E’JCﬁE—%Tﬁﬁ%@%ﬂ%bi’?ﬁ%ﬁﬁ@?ﬁﬁﬂZﬁl\EI’J
F‘ﬁﬂ? 2R

fEH®, ATRERZ5 M py_DECREF () WA ZH K. RIHE1E Python fERERS KA, & RA&E
SpamError AN 24 VERE IR [ mé’r‘* G AT, FRATHRSCREMIEX AR R i 2 R A —
e

AFEGIFY IS8 pyMoDINTT_FUNC B A pRHGR B R AL 1) I ¥ o

AIYEY R ] PyErr_SetString () RF|K spam.error 54, W FiR:

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

sts = system(command) ;

if (sts < 0) {
PyErr_SetString(SpamError, "System command failed");
return NULL;

}

return PyLong_FromLong (sts);

8 Chapter 2. FERE=H TR R
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2.1.3 EFIBFIF
[ EV AT AT, AR A% AR A

if (!PyArg_ParseTuple (args, "s", &command))
return NULL;

WERAEZ BN R PR B A5 5%, BRI NULL (G AE IR R R A8 £ 0 s B0 B R4 s, X T
PyArg_ParseTuple () WEIFH . TEHAMEIL NS FAFHE LS W25 & command., X2
— MR BARA BB SUE B A 1 i 4 (BIEARIE C b, 86 command | 249 IE i 75 HA
> const char *command).

MBI UNIX 24 R systen () , ZHA MRS EUENIA M PyArg_ParseTuple () BUHH:

[sts = system (command) ; J

AT spam.system () B{ Z0 2 PA Python X G i) JE 2 ik ] sts (9 {H. X 2 i o 68 1] o6 %L

PyLonngromLong()ﬁ%ﬁEE@o

[return PyLong_FromLong (sts) ; :

TEEXFEOLE , SR —EEOTR, (XARGLAAE Python HEHLE ).

WRARAE — AR AZSE0 C A (BR T void HYREEL) , WX ) Python B& 2 [A] None.,
PR Zif % A 5 YA (B2t Py_RETURN_NONE 223K SZIAY)

Py_INCREF (Py_None);
return Py_None;

Py_None s2fi#5k Python Xf4¢ None FTXfRZI1) C ZFK. B2 NEIER] Python X} R M A2 NuLL $55F, 4N
FAVI,, JEEERZE LT SOPEERE “HHR,
2.1.4 ERFERFMIGIEEE

FORIIL 2 KGR A A Python R P A spam_system () o HG, HATHEAE “Trik®” HoIHh
BRI FRAIAL:

static PyMethodDef spam _methods[] = {

{"system", spam_system, METH_VARARGS,

"Execute a shell command."},

{NULL, NULL, 0, NULL} /* Sentinel */

Fi

HREE =S8 (METH_VARARGS ) , XMhRdGigES M A C W A BHI, nli%(H4 METH_VARARGS .

METH_VARARGS | METH_KEYWORDS ., {f 0 ft32f#i [} PyArg_ParseTuple () [JIEIHAS &,
o Rl B METH_VARARGS , PR A & 4 fF Python 1% f tuple 4% ) = £k, R & T H
PyArg_ParseTuple () JEfTFEHT.

G0 SR B 2R Ok B S B0 4 1% ok B AT DATE S = A Be v ik B METH_KEYWORDS FU R (. FE UL
0T, C RN Y 2 52 55 = > pyobject * JEZ, BEX A — AW XEFHRLWFMH. FH
PyArg_ParseTupleAndKeywords()5&4%2$§ﬁﬁﬁﬂfﬂ§@§§ﬁo

AT IRRALITRIIE LEEH TS -

static struct PyModuleDef spam_module = {

.m_methods = spam_methods,

Fi

21. {Ef C 5 C++ ¥'J& Python 9
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X AGH PR AL AR A R IR 1 bR K0P A2 b 2 A RR o WAL BB M i 44 PyInit_name (), Hirf
name JEREHRIATER, H HRZRBBSCIE P E LME—F static & H:

PyMODINIT_FUNC
PyInit_spam(void)
{

return PyModuleDef Init (&spam_module);

TR PyMODINTT_FUNC KB R Pyobject * JR[HIZRAL, FEH] T -G BF BSR4 il Rk sk r ]
FERST = C+ KRB W] extern e

PyInit_spam() SFERFMERER H IR EAM spam BB . (1 SF T30 A X Az Python 1
BUR. ) VAU Pyvoculepet Tnit () JEI— A FIBEHE XIOHRER, DA A DL A5 0l e
FH¥ HARAET| sys.modules H1,

ik A Python [tf, PyInit_spam () PACHA LW H 3 HBRIEAE PyImport_Inittab RPHHKH. 2
4%¢%tkﬁﬁﬁﬂiﬂ%0ﬁﬁ4h%§EP, ﬁ%ﬁﬁfﬁ PyImport_AppendInittab (), 9?Eqiif%ﬁﬁﬁ§5%)\EZ£%ﬁQ:

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

main (int argc, char *argv([])

{
PyStatus status;
PyConfig config;
PyConfig_InitPythonConfig(&config);

/* B — NN B, &£ Py Initialize Z B */

if (PyImport_AppendInittab ("spam", PyInit_spam) == -1) {
fprintf (stderr, "Error: could not extend in-built modules table\n");
exit (1);

/* ¥ argvio] fk% Python MEEEHR */
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception(status)) {

goto exception;

}

/* F4 M Python fEFEZ. SFHHEAE.
MBEWFEL, HERAAER.
status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {

goto exception;
}
PyConfig Clear (&config);

s ANEEFAER, KEEAER,
SN AR A B O\ B A
XBANE. */
PyObject *pmodule = PyImport_ ImportModule ("spam");
if (!pmodule) {
PyErr_Print ();
fprintf (stderr, "Error: could not import module 'spam'\n");

}
// ... TEWERH Python C API ...
return 0;

exception:
(BT 50

10 Chapter 2. R"ERE=FTHEIEYT R
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(% L 50)
PyConfig_Clear (&config);
Py_ExitStatusException (status);

O #ik

WEARARFE ] — A2 R B iR S A B, BB ] BEAE BRI AR AL IS th B T0RL 2 S B 2, 68
WHEM sys.modules HAZERA H BLKF C 4 RIS A S| — MR 2 RS (BB TR T
exec () BGOLTIAT fork O ZJ5) MIMME. ARBIHORSEA WoE e B, TFAE B 2475 R

bRt A S TR Rees Gl Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED),

7t Python JFAUH S AT AH Modules/xxlinited. c FALHE T — LAY G, B AT RO AR ACR A
B > B

2.1.5 ZmiFfoskis

TEVRBEME AR B S Y R Z BT, IR 5 EMM 4 - Python REERJmidtflsts:. WRREH
SAME, XEHT VR BAE R GRS MBS 25 RS 5 miRY R (e
C/C++ I J& =), PAMAE Windows [ ARiFETNFIMEE (£ Windows EH3E CFo C++ I & B45),

WERARA GBS E, s BB AR 112 Python ARREGHK)—FR2>, WAL & i il R

TR AR . SEIsiYRAE Unix BRI, HFTEHEIRA SN (spanmodule. o Sl MM H 45
W R ATEH) Modules/ HRR, #SII—47H] Modules/Setup. local HAMBIRAYSCIF:

[spam spammodule.o

)

SRIGTETH R H 541847 make S B P B R RS . VR T] DATE Modules/ T H (] make, {HIZARA%%5E
HH Makefile X, SRJ5i21 T make Makefile' A4 . (IREFIRIBEL setup CHHARTE BIXFRERIE. )

R BB A, X LEAN AT A I AR B SO L, 28SE

[spam spammodule.o -1X11 ]

2.1.6 7 C thiff Python F#}

25 A 1L, Bl —EALEE 8Tk Python ] C si%, HSLSGERMARA A, W2 C )1 Python
BRI AR VR AR A A R C BV [, AR 2 B S B A AL o

SEisfy2, Python EREGHE URDT EIRI R, H2a4RHE Python R (L TARMER: 1. GX LU AR
BT Python FAFHAE R A T, WA 24T PAS% Python/pythonmain. c H1) —c ARG, )
i ] Python AR ] 1, ¥ Jc Python f2)7 244 Python RN G2 MRS ML pR % (SHAREE 171) Sk

Bo SRR BN, 4R A2 B ARAT Python BRECH RIS, ICZER I (Py_INCREF () KIGHF] ]
L ARA A RERBBAT AR SR 2B, AF mET R @B e S —#a) -

static PyObject *my_callback = NULL;

static PyObject *
my_set_callback (PyObject *dummy, PyObject *args)
{

PyObject *result = NULL;

PyObject *temp;

if (PyArg_ParseTuple (args, "O:set_callback", &temp)) {
if (!PyCallable_Check (temp)) {
PyErr_SetString (PyExc_TypeError, "parameter must be callable");
return NULL;

(BT D

21. {Ef C 5 C++ ¥'J& Python 11
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L5
Py_XINCREF (temp) ; /* AN EFTEBERG A </
Py XDECREF (my_callback); /* ZZZ I WEE */
my_callback = temp; /* REHHERE </

/* K [E "None" WAEM */
Py_INCREF (Py_None) ;
result = Py_None;

}

return result;

}

LR BA A ] METH_VARARGS FEARYEM B MRERS s IXAFAEAL 77 ik A Ao dnds 10 3 4 — T iRgi iR .
PyArg_ParseTuple () PRI HSE) SCAY AR I ey ey 4k — 7.

Py_XINCREF () Fll Py_XDECREF () iX A7 o] 4/ — R 51 4L, I H4YAEAE noLn 840
AT ERAIEZE 4 (IR AR A R SCH temp X540 NULL) . SEZ A A5 G S % 7| A4 FE7 .

B Je, 42 A IR BT, RS C %k pyobject_callobject (). ZHREAT NS, BENHE
THeEF, FRIMMERL Python X§4:: Hll Python pRi%k, MHBHFNHK. SHIRLFEZ—Dmdixtg, HEK
FERISE AR . BT SEOIE A Python pEL, WIfE A NuLL s— %5 ocdl; Bar— S HREHE,
mﬂ%ﬁ#/l\ﬁfniﬂo Py_Buildvalue () &7 HAS N FAF RS XRS5 N HZ A 28 A IR
[l —AS e . Bt

int arg;
PyObject *arglist;
PyObject *result;

arg = 123;

/* BB R A E R </

arglist = Py_Buildvalue (" (i)", arg);

result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);

PyObject_CallObject () iR [A] Python X} %1541, X th /& Python pRZ( /)R [F{H . PyObject_CallObject ()
B MM ESHE IR MEE. BT ol el # N TS 88 %, BT

PyObject_CallObject () Z G .HM# ] T Py_DECREF () .

PyObject_CallObject () MRIEMEEE “Hr” W) BARE MBS HAREAEXNS, HnT
LA FrPABRARRARE LS AR E 2 /AR B, AR EXHXAMEMEH py_DECREF (), BIEARXT H
BN (BERI) ASEG R,

HREMRX M 8, REEN— SRR EE AR NULL, DR 2RI, Python RIS EIFE] Kk 5H
o WA pyobiect_callobject () 1Y C AU ZTE Python HMadL ), B M 2457 Bk Bl —ANEE k4
HIE Python R 135, DATEMRRERRREST ENARIEIWAME S, sk 1L M 7 Python fADBEAL BRI 74 . WX TG
MR AN GAE, WS4l H pyErr_Clear () RIGFRSH . HlU:

if (result == NULL)
return NULL; /* [E {453k */
...ﬁﬁfﬂ result...

Py_DECREF (result);

T AR R R, AR BRSO E] pyobject_callobject () o TERLENGIL T SH
e Python FE/F4R (LAY, i35 1 ML B M PR RO R o AR PT AAN AT AL i3 . 75 /28
I VR AL 1 — BT AR I SR i B 7AW Py_Buildvalue () BRI tuple. 24~
T REAR SRS AT DA QR

PyObject *arglist;

arglist = Py _Buildvalue(" (1)", eventcode);
result = PyObject_CallObject (my_callback, arglist);
Py_DECREF (arglist);

Cawy
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(750
if (result == NULL)
return NULL; /* Pass error back */

/% T DFEWER result */

Py_DECREF (result) ;

VL7 Py_DECREF (arglist) FTfEALS I BRIV, FERHRIGAE Z fl. MR TR IR,
Py_Buildvalue () AJRES I NAFA B FEE,

L RVE R B A T B, R E S B pyobiect_call () , FRESZRRYESHON K BT SHL
Haan EFT, A1 py_Buildvalue () AT,

PyObject *dict;

dict = Py_Buildvalue("{s:i}", "name", wval);
result = PyObject_Call (my_callback, NULL, dict);
Py_DECREF (dict) ;
if (result == NULL)

return NULL; /* [E{£45i% */
/* A NFEWREH result */

Py_DECREF (result) ;

2.1.7 Ry REHHSH
PR% PyArg_ParseTuple () IFEBHAITT

[int PyArg ParseTuple (PyObject *arg, const char *format, ...); ]

S arg WA TCAD S, A4 Python (5% C BMNIBHIIF ., formar SHUMIURE— M
F§ifs, L% Python C/APT F-Jiptiiif) arg-parsing, IR ZHCR A RIGHIL, A28 LR 745
HR Y.

YR PyArg_ParseTuple () XHGIMIALTR 221 Python SRR, AIJCIAK N2 4 i) C A Hudik, 4N
R, TRSAENTFHRILE AR, M.

V25 A7 H 8 P LAY Python X431 FIE #6071 AEEB T A1H5 !
B T

#define PY_SSIZE_T_CLEAN
#include <Python.h>

int ok;

int i, 3J;

long k, 1;

const char *s;
Py_ssize_t size;

ok = PyArg_ParseTuple(args, ""); /* L5 % */
/* Python VB : £() */

> A

ok = PyArg_ParseTuple (args, "s", &s); /* —DMNFH&E */
/* T fe W Python 8 JH : £('whoops!') */

> s

ok = PyArg_ParseTuple (args, "lls", &k, &l, &s); /* WO KEAFfn—NFE 4 &8 +/
/* T B¢ W Python W JH : £(1, 2, 'three') */

ok = PyArg_ParseTuple (args, " (ii)s#", &i, &3j, &s, &size);
/X EH R ANFE R, EANE PR E </
/* Efﬁﬁﬁﬁ Python ﬁﬁfﬂ: f£f((1, 2), 'three') */
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const char *file;
const char *mode = "r";
int bufsize = 0;
ok = PyArg ParseTuple(args, "s|si", &file, &mode, &bufsize);
/= NFRE, ATRBENG —ANFHER—ANEH
/* T AW Python WM :
f('spam')
f('spam', 'w')
f('spam', 'wb', 100000) */

int left, top, right, bottom, h, v;
ok = PyArg_ParseTuple (args, " ((ii) (ii)) (ii)",
&left, s&top, &right, &bottom, &h, &v);
/= ANERfI— AR 2/
/* V[ ## Python H :
f£(((0, 0), (400, 300)), (10, 10)) */

Py_complex c;

ok = PyArg_ParseTuple (args, "D:myfunction", &c);
/= NEH, ARBE-ANBREATHRALE

/* Possible Python call: myfunction (1+23) */

2.1.8 /A REMMXBFT SR

K% PyArg_ParseTupleAndKeywords () FBEAANTF:

int PyArg_ParseTupleAndKeywords (PyObject *arg, PyObject *kwdict,
const char *format, char * const *kwlist, ...);

arg Lﬁ‘ format %72%5 PyArg_ParseTuple () [Z[ﬁ(ﬁ)?ﬁi)‘(lﬂ@~ﬁo kwdict ﬁﬁ%%{’ﬁﬂy%iﬁ‘%ﬁﬁ}\ Python
AT KB . kwlist JE 202 DA NULL Z5 R FATER SR, BRNRIRRIES SR ARG
Egﬂééajbnnatﬂ@%éﬁﬁﬁ%%i*ﬁﬂE@ﬂo ﬁﬂ;ﬁfﬂfﬁﬁﬁ@ﬁ, PyArg_ParseTupleAndKeywords () ééﬁi[]}iﬂa7 %}
D3R [ (B 5 e — A 24 1) S

O #ik
RERTTHTE M R ETFSENTIEAERL, B kwlist FH R BT S FB TypeError FH

TR BT i R B S ) TR, 1135 2 Geoff Philbrick (philbrick @hks.com):

#define PY_SSIZE_T CLEAN
#include <Python.h>

static PyObject *
keywdarg parrot (PyObject *self, PyObject *args, PyObject *keywds)
{

int voltage;

const char *state = "a stiff";

const char *action = "voom";

const char *type

"Norwegian Blue";

static char *kwlist[] = {"voltage", "state", "action", "type", NULL};
(BT 10)
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return NULL;

action, voltage);
printf ("-- Lovely plumage, the %s

Py_RETURN_NONE;

static PyMethodDef keywdarg _methods|[]

o 3 =
5/

"Print a lovely skit to standard

Fi

.m_base = PyModuleDef HEAD_INIT,

.m_name = "keywdarg",

.m_size = 0,

.m_methods = keywdarg_methods,
i

PyMODINIT_FUNC
PyInit_keywdarg (void)
{

(B L)

if (!PyArg ParseTupleAndKeywords (args, keywds, "i|sss", kwlist,
&voltage, &state, &action, &type))

printf ("-- This parrot wouldn't %$s if you put %i Volts through it.\n",

-— It's %s!\n", type, state);

=1

/* & fI[] %’ %ﬁ 7% s B fI{] 53] 7] PyCFunction f}i
* NHEZ W Pyobject* W%, Wi keywdarg_parrot ()

{"parrot", (PyCFunction) (void(*) (void))keywdarg_parrot, METH_VARARGS | METH_KEYWORDS,

output."},

{NULL, NULL, 0, NULL} /* sentinel */

static struct PyModuleDef keywdarg_module = {

return PyModuleDef_ Init (&¢keywdarg_module) ;

2.1.9 MWEERIE

XA pyAarg_ParseTuple () fRAHML, FEHIANT:
[Pyobject *Py_BuildValue (const char *format, ...);

)

AP, 5 pyArg_parseTuple () M[A, (H2SHNAUE AL BRI HUIESREE Gt A4 eREL
AR ). AR [H]—> Python X R 1Tk Al C ek % 1 45 Python ({75

—~5 PyArg_ParseTuple () WA, JETH T BETR 2K IR Bl — 04 (Python 4 BIR U L2 7E
WA TA), i T1% 1825 oAt Python pREXPASEL. Py_Buildvalue () A EREMITH,
ZF 1SRRI &R O, MRS A 2SR ] None |, —NSEUNE 2R [F1Z S 50T
5. QUARERER G A N 0 foed], S A Ie R Iod, FEEK AR RIS

BI5 M2, A2 Python {HE5R):

Py_Buildvalue ("") None
Py_Buildvalue ("i", 123) 123
Py_Buildvalue ("iii", 123, 456, 789) (123, 456, 789)
Py_Buildvalue ("s", "hello") 'hello'
Py_Buildvalue("y", "hello") b'hello'
Py_Buildvalue ("ss", "hello", "world") ('hello', 'world')
Py_Buildvalue ("s#", "hello", 4) 'hell’
Py_Buildvalue ("y#", "hello", 4) b'hell’
Py_Buildvalue (" () ") ()
Py_Buildvalue (" (i)", 123) (123,)
ST
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(750

Py_Buildvalue (" (ii)", 123, 456) (123, 456)
Py_Buildvalue (" (i,i)", 123, 456) (123, 456)
Py_Buildvalue (" [i,i]", 123, 456) [123, 456]
Py_Buildvalue ("{s:i,s:i}",

"abc", 123, "def", 456) {'abc': 123, 'def': 456}
Py_Buildvalue (" ((ii) (ii)) (ii)",

1, 2, 3, 4, 5, 6) (1, 2), (3, 4)), (5, 6))

2.1.10 5|AVtE

TE C/IC++ BT, F2)7 01 11 57 s A2 FC AN Bl USC e heap 24 INA7. #E C B, 4T BR%L malloc () Al
free () K5EM. £ C++ HZHAE new Fll delete RLIUAHFI DI RE o

B malloc () 2rBCHY ARSI AR 24 38 5 T — U free O BT R B2 o] N FAB .
M free () BYRALIERE L, AR —DHMHEHEE T A A EPIT tree O T, EFrG I NIFERE
FEAEEZ B ORI . XN A AR 5, WRRE R AN T free O
SRS HIARSE A % RS, B 5t —A malloc O V& A% A B R o AR ol os . SRR
jﬂgg SR A F. BRI E RS TR GBI — R — ROt S RES R . B R
7%'1:# A .
DAt e A A S R WL RS A . i — AN eR B T A AR, TSR, R
FEMONAFE . BIAE— LU ek A0 18 BORT BERG IO SR A M A A iR 45 4, SRS R B BRI B T
XARA Gy il R RN A, Rl 5 B uum i . XFr AR, —H5IA, EER K EE
MELAR DN, B R A A B, T B SO R BRI AR, i DA (e K iz
g?}hﬁ%iﬁﬁ?ﬁﬁ@%&ﬁﬁﬁ LGN R, AR A, AR 2 SR R A M I
HiRko
Python jiijd malloc () #l free () ELEKER A BCFIRENL, [FIFETT B0 S A AN R FR 5T . Ak
e 7Rt HFEIRILE R A X GAER A — TR, TR 0 4 L A s
BHEAE, M5IHTECH 0 B, FORIMRBCERAFIERNE LT, MEAT AR T .

7Nk B Fa e, CA NGRS R B kg, X By A 30" HPAX 7>
P A BRI e 502 P T ZEIE A free O o G MR BCE I SN AR,
SR FEAME) . @ XS C, B PR A SRR e, w51 RO T AR B A R SE 8 (L2
malloc () #l free () BRACEFHRY, X2 CAREHLRE)). WIFAEHA —RKa AT RHR) B sk
e, (HAESLRTRR AT S5 TR T A

Python (A4 R 5 HITTRCSE L, BFR0E TORBRI I, LA NG| IIORER . X AEAHRY A JCHH OB %
sk BIE TARERT I, X5 RSB A — 53 . SURIR@ RS (RTREEED) M5 T
5, PrOAfEER P AE AR RIS T EERAZ 00 SRS THESE BTG ER AL T5 B ER IR R
HCE BRI ARG, WA IR LASNK S T

EERASI 2 BEAZ AL I B MW AR PR I RE I EA T gc BEBRERAL 7 —Mhizd iz il 4200 752X (collect O
PRED, PARZANICE R ORISR AR A 45 A T fE -

Python 35| A itE

H Wi Py_INCREF (x) fll Py_DECREF (x) , 2XACPRS|H A, . py_DECREF () WATES| 1143
KO WP S . N T RIE, HASEIERA free () , M@t w4 &2 2 2 RBHEE RTEHH . N
TXAB W AR, B RS — N8 SRR 85T .

T K RRKIH . [ Py_INCREF (x) #ll Py_DECREF (x) 7 FMTE L5 A—EE&. AN G
— AN, URATDA 3 —A 3R Bl — A% . — SR TECE SCRITE SRR . 51HIAE
FHATEWA py_DECREF () , FEGIHATFER . 5IHIIH XRT A G . A =FMIhgoREWE
B5I 1L, 7%, VA py_DECREF () o &ICALE— A RIS H &S BN

ERTA R — AR5 . S5 %8 M py_pECREF () o fEHE LA GERA XS
AT A RS o S Al B G (A 5 | A U, i 56 Ak e

2ARE G A SRR IENN: WA ZEURAET KL
SRASUHECE DA VB, SRR S AT DAE SRR RS, A AT AR A S T«

16 Chapter 2. R"ERE=FTHEIEYT R




Extending and Embedding Python, A& {ThRZ 3.14.0rc3

A5 AL RURARTE TR OB A AR AURSAYS I, B Ud, a5 AR Te g 4H O N A it s Y
PR o A R — SE R IR A AU _E A5 AT RE S AEIIAT & AL B B X 4R

T AZE A G, B P8 py_INCREF () o XAXFIHE LN ITA ZH RS Xaa@—4
BHPATIN, FRTRENIEETUL (HIAE LA LA ET I, B2 TrA ZAE) -

HAEAMN
B RGBT — BNy, SRR 1 VA% ds E P KR M2 E S5

KEZBBEGR I —ANX L5 H, &SI HIA XR @5, g e &x2am, 4l
PyLong_FromLong () il Py_Buildvalue() , XfZEA X RGHBWCE. MEENEAREIEHD,
PRAT SR AT ASRAS XS S 085 I . — 350l )& PyLong_FromLong () 43" T —MNRATEMZEATE, 1T AR
I E A7 H B .

RZ 73— IR ZEROT R R AL, e fZib5 | X &R, flill Pyobject_GetAttrString () o X BMFHIA

BTG, — SR A I A B AR 25 4] ) PyTuple_GetItem() , PyList_GetItem() , PyDict_GetItem()
, PyDict_GetItemString () %Eﬁ%ﬁi[]bkjﬁﬂa\ ﬁu%%\ %ZﬁﬁﬁﬁT%ﬁﬁﬂﬁélﬁﬁo

PR%K PyImport_AddModule () & REUEHIIGI A, WA RES R BIATEIX S XA R —A44
BRG] X SR BRIEMEAE sys .modules B,

RIS — ARG B I — AR, BEREC A R . W TEEAEE, A py_INCREF ()
AR RS A . XN IS EZRBISL: PyTuple_setItem() Fll PyList_SetItem() . iX£E
PREEE LR IE 2, WAL (17 pyDict_SetItem () MHFEARSEZEIHXE, ]
2" IEHI).

24—~ C BREE Python W, S MIAM L RS EMERSI . FREIEX L5, BroAEH
(A5 A= i TR AT ARIE S s BGR B] . R4 5 05 | 75 BAEAE s AL 3B I, i A3 A 15 1
W JEH Py_INCREF () o

Python [ A C eREGR [R5 | IS A2 H0A 195 | 1418 & RPN s B e i 45 VA i 3

fERSEY K

AORGOT, MG INAERRICE, HAEESEI . Xl 5 R i SR, ol fE
FEG A FE L EX AT

T 5E T SR AE RS DU BN py_pECREF () B —NICRMG, MXXRIYTI AN B —155EK
TR AL

void
bug (PyObject *list)
{
PyObject *item = PyList_GetItem(list, 0);

PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0); /* BUG! */
}

ARBTG5 1isc 101, REEE 1ist 111 SHfH o, BUSITEMEAMGIH. HERETHERZ
I, HAIAZ.

TEFRATIRBETE IR PEA PyList_setItem() . ZHRMAXHETBEAEGIH, FISEH 1 g6,
BUMEFFRNZE 1. SRR E RN E 12K P A & CRESEH], bR 1%
FEXT _del__ () Ik, WERZELHIMEIHITECH 1, EFERSTHE _del () Jik. FENHE,
PyList_SetItem() 2V M Hsc HAY py_DECREF (), XBFMuE i H ANV AY tp_dealloc BR
B TEREEEIAE], tp_dealloc &M tp_finalize, TEHMATEIH FHEBIA _del () H¥E (S
UL PEP 442), DA AR ZAE PyList_SetItem () J#H ATRHEIAE KA,

HTE & H Python w51, HIt __del () HER PAATAEE Python fUH%. B2 n] A bug () HXF
item B IREIR? YR TTPA! BEMEA bug () WIFIEW AR el O JF¥EDFIA, BEstnl PAIET—
%iﬁgéﬁfm del&list[o] FRICR, BEX XTI S EG R, Bt SREiS 2 A B N A,
/\}\ﬁﬁ item §€§ o
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ORI, ARANE T R, A S T RN G TR IERR AR B R AR AT

void
no_bug (PyObject *1list)
{
PyObject *item = PyList_GetItem(list, 0);

Py_INCREF (item) ;
PyList_SetItem(list, 1, PyLong_FromLong (0L));
PyObject_Print (item, stdout, 0);
Py_DECREF (item) ;
}

R AESEMWHCER . —MRIBUAR ) Python 84 40 &7 LRI ASLIE R, H ATE C IS Wilas h e sk
TRERE, AFHANTAME __del () FIESRIE -

B XAEAG | S 5 R g LR P M RRAE R . 385, Python RS I Z AR SAHE I,
A —A 2 B4t FEARTT Python (RN XS 245 0] . ARad, AW BB 7% Py_BEGIN_ALLOW_THREADS
s RERGX A4, I Fl Py_END_ALLOW_THREADS REH KT . XAEPHIER VO I# FH A R 5 L,
AfPALE H A R ARAE S 1 VO 5o IR (6 AL B . AR, TR TR BRBCS 2 AR AR ] ) ) A

void

bug (PyObject *1list)

{
PyObject *item = PyList_GetItem(list, 0);
Py_BEGIN_ALLOW_THREADS
...some blocking I/0 call...
Py_END_ALLOW_THREADS
PyObject_Print (item, stdout, 0); /* BUG! */

NULL 5%t

W, 25| HENSE R BN BARME S BT NULL F84F, IF H SRR S g0 (8
TEPANE SERZ 05 ) o AR IXTE5 ] ) sRE0E 5 RAE R A A T F i AR B NuLL. K NULL 2
B S DR AE T 2 pR B 28 B A T TR R o G A% 45 A R K - SRS R B RGI nuL, e S
FOR BB TUARK I 6 S E A 1S

HRMOE R AEE “PRSK” BRI oL, RIFEREURE]— NPT RE N NULL (9984, BIIKRH malloc () 3§
A RET | K S8 0 R R sk o

Py_INCREF () Ml Py _DECREF () % 7% A&l nurn $5 4t — (H2, EAf1M A Ff py_xINCREF () Fl
Py_XDECREF () N&H6i

FT RN X R KB 7 (Pytype_Check () AexAaill NULL 84t - IR, A KA 2 £ 85 H
XL AR — DGR N LR AR R TR Y — ) XS4 RITRIER . AFELEH A NuL Kl
Y AZ A

C B L S PRIEE 45 C BRI S E) % (AR N args) 424 NULL - 355 BB S AREH:
P 3y e NTiE A

LA GRS NULL 454 “WtEE” 45 Python J PR @A AR %

2.1.11 £ C++ PREVE

BATDATE C++ G b, FURA LR 2R A2 (Python fR#REAS) 2] C ZiiFas ki FleE
R, RSN SR SR RER T . AR S C+ SIS R BER A A XA . B
Python fEREAR R GE # il 2 AR IR L PR 50 LIRS extern " o TMZTRFE extern "C" {...}
HLA9 % Python SKICPFMIA IR A TR, PUAUIRE L TS __cplusplus MELEX AR T (T
BUC C+ G ik anhl & SOX M)

4 MAREEA IR RS TR 295 i, XS IEAR BT, R RIAAEE TR IR T
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2.1.12 A¥ RiERIR{ C API

R Y RGO T B s HO UL Python (1], (HA I RALE LA AU R AT DAY S b il

o B0, —AP R n] PLSE Bl — AN 2B collection” 7 LK 2 154 T Y. 5452 Python 51| Fe22

i‘gﬁ é AP AAVF A HOR QERIZES 515, IXASHTRYSR A I N] DA — M C BT T 45 Hofth - Jre At
BA -

TG REARARTI R AT 2G5 R CCH AN static), SRUMGHUMSLICIE, PAK C APLEICRY. 5K
b EXERTA IR 2 B S A% 2] Python ERERRIN 2 Ml VAR TARRY. B DU gt ieny, —
AR AP R SO 75— IMEEHOR T I AT LAY AR5 OB T A R S8, —LE RGERY Python flRE S (1)
4 Jryfin 4% 23 (8] (Bl Windows), A LEMTESERE N 75 Z— A" E S ARFF IR (— T2 ALX), X
B PRUERTERA A (U Unix 251) . BERATS 24 mml WA, VREER Rt T B i R 2 -

N REAE LS EAN BEX AT 5 ] WA AT A . X R 7 R B BT A SR % A B R static
B TR RI AR LR AR, RS S A AR G di 4 vh % (FEBE AR M 7y R A A s 1L A TR
R ERERT 1% o2 0 HA Gt 7 ORI A AR D7 1

Python F2 {1t T — R AL R A — A A SR i) 75— i 2 i C 2 {5 B (37%1): Capsule,
—> Capsule ¥li;2—M7fiff 7455 (void*) ¥y Python #i2 2 . Capsule JfEiH S H C APLREIEFI;I
HEATAI ABATL AT HoAth Python X R—FERALEE . Frlit, BATAI DARIR{ESS P Ay 4 23 a] i) —4>
FFRe HAy FERTHR i DA AR AMELER, FRIBGZ A PR BLA(E, #RJ5 A Capsule FRAREURE

Capsule i DA Z Fi 505 C APL 45 LI . 44~ %UnT DA F © /Y Capsule, 5(3 frfy C AP 5%

Ew\ﬁﬁ%‘ﬁéﬁ\iﬂtéﬂi, KL T % A7 47 Capsule. fFAIRIUR BT A ZF05 0, L& Fromisis
Mo

TERARIEFEIATr ik, FAREY Capsule 45 % 1 24 1Y 24 FRARRELEL . AL PyCapsule New () #52—/> name
J£Z (const char*); RVFAREA—A NULL fERZFR, (HBEATHRIIFEL IR E SR IEHHa 40
Capsule S fit 7 —E (s TI KA B I TR 7 SUBE X A~ K fir 44 1) Capsule

WH AL, Capsule T 255 C APL, HA 7 W iZ s i 4~ LT -

[modulename.attributename

)

fEFIpK %L Pycapsule_Import () A DA EAZL A1 Capsule $4t1g C APL, {{fE Capsule )44 F-VCECHT .
XAMT AR C APL H P4 1w B A o 2 MR ER A IEHf Y C APLL

N BT R T R R TUH R 4 T AR T B AR B 3, X T R EROR U 2 B
B BRI CAPLIREN (FERXMITHRA—A ) S A void fREHEAL, BRI —
Capsule [{fEL. SREHS R I SK SCPERR AL T — A2 AR B ABLRAIRECH: C APT$55H; 20 P i
3 BRI C APT Z B X A BT

SR — A [ ey ) T ) spam BB . BREL spam. system () R E VA C JHEREL
system (), MFEWH—ERE Pyspam_system (), XPRETEISEH Y SR S —LE B A2 2 (Ebin
RGP “sapm”) . ZRE Pyspam_system () 4G4 HAY R,

PREL Pyspam_system () x&— 4l C AL, B HAMEE—FEFIH N static:

static int
PySpam_System(const char *command)
{

return system(command) ;

}

BRAL spam_system () TN I B

static PyObject *
spam_system (PyObject *self, PyObject *args)
{

const char *command;

int sts;

if (!PyArg_ParseTuple(args, "s", &command))
return NULL;

(ZF 30
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sts = PySpam_System (command) ;
return PyLong FromLong(sts);

(% L 50)

R, FEHATA:

[#include <Python.h>

A Wi

#define SPAM_MODULE
#include "spammodule.h"

|

#define B ARG R SUAFEPALIEAE T H IS, AR i, e, BRI mod_exec i

Fon it sivliate C APL 45444

static int

spam_module_exec (PyObject *m)

{

static void *PySpam API[PySpam API pointers];
PyObject *c_api_object;

/* XN c APT A B4 +/
PySpam_API [PySpam_System NUM] = (void *)PySpam_System;

s AlBA S APT A KA MU capsule */
c_api_object = PyCapsule_New((void *)PySpam API, "spam. C API", NULL);

if (PyModule Add(m, " C API", c_api_object) < 0) {
return -1;

}

return 0;

}

WYER pyspam_APT PR HAN static; HIFREENHSAE PyInit_spam () ZZ5HHHK!
33 spammodule.h B —HETAE, FHEFUW NI

#ifndef Py_SPAMMODULE_H
#define Py_SPAMMODULE_H
#ifdef __cplusplus
extern "C" {

#endif

/* BT spammodule Wk Xt */
/* C APT HEH */
#define PySpam System NUM 0

#define PySpam_System_RETURN int
#define PySpam System PROTO (const char *command)

/* C APT ¥4 M EHK ~/
#define PySpam API_pointers 1
#ifdef SPAM MODULE

/* B E spammodule.c B *+/

static PySpam_ System RETURN PySpam_System PySpam_System_ PROTO;

(ZET D
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(B LEm)
#else

/* R F K EME A spammodule Hy API My S fEH */
static void **PySpam_APTI;

#define PySpam_System \
(* (PySpam_System RETURN (*)PySpam_System PROTO) PySpam API[PySpam System_ NUM])

/* HERREE -1, R HEE 0.
* W R A % PyCapsule_Import ¥R E — 7 H .
=Y

static int

import_spam (void)

{

PySpam_API = (void **)PyCapsule_Import ("spam. C _API", 0);
return (PySpam API != NULL) 2 0 : -1;

}

#endif

#ifdef __cplusplus
t
#endif

#endif /* !defined (Py_SPAMMODULE_H) */

J

B v AR 175 1) R U Py spam_system () T AL U 4 i 1% 2 1E H: mod_exec BRI JH BRI AL
import_spam () CHUERIHLULE Z2):

static int

client_module_exec (PyObject *m)
{

if (import_spam() < 0) {
return -1;

}

/* BN AT HE LT E BB AT s
return 0;

}

J

R L B G2, S spammodule. h i Ak MR, XM EFHARE, HEAGT AL
1, BreA R EaE] —R.
Rt SRR )2 Capsule S fit TSN IIEE, M T 17 #7E Capsule BLAYIREHI AT BCRIRERL - 40172 %

Python/C API Z:2% F- i} ) &7 capsules A1l Capsule f5E 3 (£ Python J§ % &4 T4IHY Include/pycapsule.h
Hl objects/pycapsule.c ).

&t
22 AENY RER: #HiE

Python fVF4i%E C ¥ B E L] DA Python fRAS H BN A HT AL, XL N ERY str Al 1ist 287,
Efzﬁ?f SRR DR G — A, (HRAEBITIAZ BT, BT T2y . X0 e X+
BN

2.2.1 Kl

CPython EATIN &5 A7 Python Xt RN pyobject FEMAYA R, X2 FTA Python X4 “Hffi2E
27, pyobject ZEMIRAG LA SIS R reference count MARIAXTRE AR By4a4T. X2EHERT
FEUH F AR JIUR R PUE R SR MRS (O) ek, BN, FEXR B —ANEME, W0k,
HE S — RGN XL C KB “RBITRT.
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BrEA, BSRARAEEEE SO R, T2 QR iR 52

XA H AR TR ARRE, TR ER/IMESERE R, BAE C PR custom HE LT A
44K Custom P2 AL:

O #ik

X BN B VAR E X static 3 RRBURMESE 7. W DATE G RER S ik, C APL W A] DUSE X AEHE |
SR R, i PyType_FromSpec () BREL, HAEARATTEITIE.

#define PY_SSIZE_T CLEAN
#include <Python.h>

typedef struct {

PyObject_HEAD

I XERMERERNT R, */
} CustomObject;

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

bi

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_ AddObjectRef (m, "Custom", (PyObject *) &CustomIype) < 0) {
return -1;

return 0;

static PyModuleDef_Slot custom_module_slots[] = {
{Py_mod_exec, custom_module_exec},
s/ R RS KA R R X
{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}
bi

static PyModuleDef custom_module = {
.m_base = PyModuleDef HEAD_ INIT,
.m_name = "custom",
.m_doc = "Example module that creates an extension type.",
.m_size = O,
.m_slots = custom_module_slots,

}i

PyMODINIT_FUNC
PyInit_custom(wvoid)
{

return PyModuleDef Init (&custom_module);
(BT 50
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(B L)

t

XS RA Ty B, X TR B AR B XSO T =R
L —/> custom WRBFMATE: XJ2 customobject 45HE, BN custom LA HL—IK.

2. custom RBIFFTH: XJE customType L5, B ST — LA R B BB MR REAR AU 21y
SE BT R I EA TR AT

3. WA E CMHAAT custom BEHE: X J2 PyInit_custom R AL K FT K HR B M T & SCZ B
customﬁmodule?*$@¢¢, Eklifﬁﬂ:ﬁiii%ﬁﬁiiRX¢éﬁﬂg custom_module_exec Eﬁiio

SRS

typedef struct {
PyObject_HEAD
} CustomObject;

Xk~ H E LTRSS NE . Pyobject HEAD J& il il R ELAERE X R 5 IA 2 Hi & L—
A% K ob_base [f] Pyobject RAFE, Hp @& — e m2RA L5 | 8 issr (XBE A
S5 %% py_TYPE Fll Py_REFCNT R IX43 ). (i FH 22 A0 BE i A2 KA1 Rl 52 1 SR A g 13 i b o s
W I BL

0 #ix
HERAEZ PyObject _HEAD JGI%H 5. BINKNING5 &S H e iRn B

MR, MR IR TAE pyobject HEAD fEEIRAL, BA RSN BN, AT E T ARUERY Python i x4

typedef struct {
PyObject_HEAD
double ob_fval;
} PyFloatObject;

AR BRI E

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT,
.tp_new = PyType_GenericNew,

O #ik

HE#E G A0 1 CO9 U IIRIIA L, DARESRT] AT 1) pyTypeobiect F5, HhMERIATEX
LAY, K BT DA 36 TR Y 2 S

£ object .h HISLPRE XL PyTypeobiect HAT AN EE SCEZH FB. BRI TESH CHiFRMNE
SRIATE, EHMEA A BRI EENT, BRARRh L 2 Eq ]

A ek, R—ATFE:

[.obﬁbase = PyVarObject_HEAD_INIT (NULL, 0) }

XA sm il A, AR AN B3R 2 (Y ob_base FBL:
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[.tp_name = "custom.Custom", J

AT PR R BAEFRA TR R BN SCAZ AL A LA BRI R, Biln:

>>> "" 4+ custom.Custom()

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "custom.Custom") to str

WHRE AR RSB, TR RS AR A b ) BB FR . A AR ERE custom
A2 custom, HILFRATFRBAZ FRBEN custom. Custom, f F B IEHIHT 55 1) S A BN TR
(A5 pydoc Ml pickle FRHLAFFHA B E LN,

.tp_basicsize = sizeof (CustomObject),

.tp_itemsize = O,

X FEAELE Python JIiE 4 BIHHTHY custom SERIMHF LML DNAF. to_itensize [UHT AIASK/NIRT
GMAE AT DL T HRRY 2 o

O #ik

UNRARA AR R B RT AL Python Hrgl 2640, 7F HARRYRZUFIE A BB BA MY tp_basicsize,
I2NR AT R B F) 2 mARK . ARIZRALNY Python F2RAMIAER _ bases__ HRHRI AL e it
HITH, ATEP ARAIRILE _new__ () Jrikif R S . AR AT DA S A PRARA B BAT LB RO &
KRR tp_basicsize [ERBRXA M. TERDEEE, AR AR, FVBEA/RKRIE
object, TANRKFNRHIEEIBUGSIBAR AL T, AITHIIHA N

AT TEAR N Py_TPFLAGS_DEFAULT.

[.tp_flags = Py_TPFLAGS_DEFAULT, J

JI A SRR Y S AE E N TR AR 3R SR . R /0 HE Python 3.3 2 i MUY AT B . AN
RARTTEE LR, AR RO B AR HEA T OR G257

AR to_doc APPSR FAFER.

[.tpﬁdoc = PyDoc_STR ("Custom objects"), }

SRS, FATLIHRM A~ to_new AbBEZR. X2FT Python 773k __new__ (), {HaJi 25
THE . TERXFMEOLT, FATATABE APL BG4 pyType_GenericNew () FriflAyEIASLEL.

[.tp_new = PyType_GenericNew, }

BT custom_module_exec () HHHELEACTIASL, SO A A HAtl A 2 B AR AR 5 DL

if (PyType_Ready (&CustomType) < 0) {

return -1;

}

RRFHIIAIE custom 22, Sh— S8 A BUFEE M HBOA(E, SRR AITERI AR NULL ) ob_type.

if (PyModule_AddObjectRef (m, "Custom", (PyObject *) &CustomType) < 0) {
return -1;

}

RFFHERR NI E RS g . AR BEE S custom FSRBIHE custom SR

>>> import custom

>>> mycustom = custom.Custom/()
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FUREAE! TR TAERRMIFE: K ERBIAS N custom. ¢ SCIFH,

[build-system]
requires = ["setuptools"]
build-backend = "setuptools.build meta"

[project]

name = "custom"

version = "1"

#°4 pyproject . toml M3CHEH, HH

from setuptools import Extension, setup
setup (ext_modules=[Extension ("custom", ["custom.c"])])

TE44 N setup.py HSCPEAS SRIGHIA

[$ python -m pip install .

J

FE shell HRIZSAE T H SR T E A3 custom. so LA BUAER S Python — RN 24 fEAS AT

import custom 2R Hi ] custom XF4,
XA, K ?
WK, HIH HE XEBEHEE TR ERA R, ORI . R RN M.

2.2.2 EEARGIRMBIEFT E

LEFATE 15 0 — BB  IE R X A AR Bl LEFA TR IR T DA R . FATTR R

BB custom2 RIFMIXLETIHE:

#define PY_SSIZE_T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) >tp_free(self);

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);

if (self != NULL) {
self->first = Py_GetConstant (Py_CONSTANT_EMPTY_STR);
if (self->first == NULL) {

Py_DECREF (self) ;
return NULL;
}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_STR) ;
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if (self->last == NULL) {
Py_DECREF (self) ;
return NULL;

}

self->number = 0;

}
return (PyObject *) self;

static int
Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

{
CustomObject *self = (CustomObject *) op;
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
&first, &last,
&self->number)
return -1;
if (first) {
Py_XSETREF (self->first, Py NewRef (first));
}
if (last) {
Py_XSETREF (self->last, Py_NewRef (last));
}
return 0;
}
static PyMemberDef Custom_members[] = {

{"first", Py_T OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

}i

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy) )

{
CustomObject *self = (CustomObject *) op;
if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;
}
if (self->last == NULL) {
PyErr_SetString (PyExc_AttributeError, "last");
return NULL;
}
return PyUnicode_FromFormat ("%S %S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {

"name", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
b
{NULL} /* Sentinel */
i

(B L)

R

B

~

)
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(B L)

static PyTypeObject CustomType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "custom2.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = Custom_init,
.tp_dealloc = Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,

}i

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_ AddObjectRef (m, "Custom", (PyObject *) &CustomIype) < 0) {
return -1;
}
return 0;
b
static PyModuleDef_Slot custom_module_slots[] = {

{Py_mod_exec, custom_module_exec},
{Py_mod_multiple_interpreters, Py MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}

bi

static PyModuleDef custom _module = {
.m_base = PyModuleDef HEAD_ INIT,

.m_name = "custom2",

.m_doc = "Example module that creates an extension type.",
.m_size = 0,

.m_slots = custom_module_slots,

}i

PyMODINIT_FUNC
PyInit_custom2 (void)
{

return PyModuleDef Init (&custom_module);

BB R A 5 2 A B

BUAE custom KA C MR Ay = AN EIRJE YR, first, last F number. ot first 71 last 28 52 0 5 47
LG Python P45 o number J@ e —4> C BAL.

XoF BRI 2 PR AP B b B

typedef struct {
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;
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RN IAEFRNT A B TR A T, AT/ N ORI TR R R o BEFRE . 2=/, RAIFREA — R

O

static void
Custom_dealloc (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) ->tp_free(self);

}

ESWIRES tp_dealloc A H:

[.tpﬁdealloc = Custom_dealloc,

)

W YRS iE 2 WA Python JEMERY S| 1141, Py_xDECREF () W] AIEHIALPRS A NULL AU (X 7]
BEAE tp_new HIREMMT KA ) o Bl BB XS 2AUY) tp_free bt (Glid Py _TYPE (self) 115545

B) RBEHOS RN WHERXI R IR AAJE CustonType, FNXIGAIRER— 1M LA

O #ik

(CustomObject *) J&2Z4M. ﬁ?ﬁ% C T T R 2 S !

ZEMIA (Customobject *) FYFEER, ML HFE:

PR B R B %L E customobject * RZPEHFATE LT Custom dealloc #:&Z—4> Pyobject
* 28, BT tp_dealloc ERELFEENT ﬂ%&i*/\ PyObject * B4, Wil [ tp_dealloc HE{ 5
fi— 2B, PR B WA A B L RE R AT AT Y customobiect ZEAYSEHBI, R Lo il AL e &

TEBA IS, SURTEA BRI Z HIRCAS o, R0T RES R B 0I5z — D BB AR 1) 128 24% T 5

Custom_dealloc (CustomObject *self)
{
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self)->tp_free((PyObject *) self);

.tp_dealloc = (destructor) Custom_dealloc,

XAFAERTA CPython STRFIAAM EMFEREAYE, (H2MRIE C AR, EaMuERESUNITH.

FATA B — DRR DA S AR, TR T4 to_new SCBL:

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);
if (self != NULL) {

self->first = PyUnicode_FromString("");

if (self->first == NULL) {

Py_DECREF (self) ;
return NULL;
}
self->last = PyUnicode_FromString("");
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}

self->number = 0;

Cawy
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(#2 E50)
return (PyObject *) self;
}
FHAE tp_new WA EAEE:
[.tpﬁnew = Custom_new, }

tp_new ACFRES TTOIE (MAZWIAIL) ZEBAXTS:. EFAE Python FHRFEN _new_ () k. B
AFFEE L to_new JH 51, Shs LiFZY BRI SMFEHE M PyType_GenericNew () , HifR_[1H custom
KRB — AP AIRARE . ZEBERE LT, BAVEH to_new ABEZSARAT £irst Al 1ast JEIERILRIL R
4k nuLL (BRI .

tp_new FFEERIAILIIAA (FERAY custontype, MABIFULHIR—T) UUAERY
TG AT RIS, BRI, o new IIE B RARA X RT S, HE()
BRLRKISH, THFSEULRR A () C ) cp_inic o Python 1) _inic__ H40) Jy
AT

O #ik
tp_new AN BRI to_init, FABRSRSATHAMNE.

tp_new LI to_alloc HAKITHC AT

[self = (CustomObject *) type->tp_alloc(type, 0);

T AT ARSI, RATLATEAR ST 2 K to_alloc SRBIAITR N NULL,

O #ik:

HATEA BATIHETE tp_alloc #ifi, MM PyType_Ready () @13 MIRATHY R0 SEBRIRATIE T
B, HAERIAH object . KFRITFISAUHERE (BRI A 20 Bl SR W -

O #ik

AR GEEANE —MIMENX to_new (EQTIHERER) tp_new B __new__ (), AR RAETEIZITH
SR 7 VR AT WP SR 2 B R D7 k. AR R TS AR R ORI, S EER A E
) tp_new, BRI type->tp base->tp new. WIRAVRAXFEML, MRAGSEELM FIFLRK B H B H
Python & X 28K Python TR A RETCIRIEH TAE. (RRHLUL, VRATRETCIA A ELX AR 120y 5L Bl T

X5 K TypeError., )

J
S YT P D 7, b <t N I R ), ), 2 L
FANTIEE LT — M2 S HOR N BA TR S BRI LR E R W LG 1L R
static int
Custom_init (PyObject *op, PyObject *args, PyObject *kwds)
{
CustomObject *self = (CustomObject *) op;
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|00i", kwlist,
&first, &last,
&self->number) )
return -1;
if (first) {
EEFT0)

22. HEMT REE: #iE 29




Extending and Embedding Python, A& {ThRZ 3.14.0rc3

tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_XDECREF (tmp) ;

¥

if (last) {
tmp = self->last;
Py_INCREF (last) ;
self->last = last;
Py_XDECREF (tmp) ;

}

return 0;

}

(B L)

HATIA S to_init A7,

[.tp_init = Custom_init,

J

tp_init ff{V7E Python B _ init () Jrik. EWUISRIERIEN QXA TRII6 . WIlG i

SUREZALEN R TSR BTN SRR ] o T B IR ] -1

AT tp_new AP, tp_init ARUE—E P GIAN, TEBGATEILT pickle BN SAEARME
MBI BV __init_ (). EEWREHEZ AN . AT AERATIXR B __inie. O J5

e PG, AN BRI ER DA% S NG BIIMRIXAESY first JURATRE:

if (first) {
Py_XDECREF (self->first);
Py_INCREF (first);
self->first = first;

}

HRIX A RE A W . AT RANE A BRG] first BUASRAL, HIE A ARATATRI SIS 4. B PA
WA= EPATEKDT M fivst WAL BRI i RES R AR S TR

FEHARLAE Fs ATV S AT 5

N T RFFETIT A A TR X AT REE, AL B ZAE A S A5 | T8 A4 E AT HIRAE -

A HEFATR] AAS 6 AR ?
o BIATHBRIES A ITHEOCT 1Ak

o MIRAVHGEX SRS AR LR A2 R S WAL FEURFTRFATIZEZL ARSI I i 43¢ 5

o DA tp_dealloc AbFRER AR STRAEEFLR RIS 2 2L 1 5 | B i 4.

AT RE AR IRATH LIS R EE N R IE . A UM I Sn] DA — o ey B T 502 SO 1Y

TE S

static PyMemberDef Custom_members[] = {
{"first", Py_T_OBJECT_EX, offsetof (CustomObject, first), O,
"first name"},
{"last", Py_T_OBJECT_EX, offsetof (CustomObject, last), O,
"last name"},
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

i

IR HCE B tp_members FEH:

[.tpﬁmembers = Custom_members,

VAT R R TR ARSI, WA B SR R A A
P AEATRBIPEATHE tp_dealloc AFEREHX—HLH], PONFATAIZEEIR SRR M.
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BEAS LA SR R A PR BB, . ViR AR . WS T A2 2 & e 72 /N
A3k THiRiEs . section below for details.

By SRR 2 — 2 B B S PR ] BK(E 45 Python JEMERYM R INE. FLA TN first A last i
AIRA TR, BB ABRAE VAL L Python XF 4. Ak, X L8J@ PR m] AN, 5 C H55HK
0 NULL, RMEFRATAT AGRIEIX 28 B R0 iR A Al NULL (), 2RI 28 s P M sk 28 1 B3T3 T i Ay

NULL.
FAMTE L—A Tk, Custom.name (), EFFXIGRAFRE 0 first F1 last Z4 FRAGPEL -

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy))
{

CustomObject *self = (CustomObject *) op;

if (self->first == NULL) {
PyErr_SetString (PyExc_AttributeError, "first");
return NULL;

}

if (self->last == NULL) {
PyErr_SetString(PyExc_AttributeError, "last");
return NULL;

}

return PyUnicode_ FromFormat ("%S %S", self->first, self->last);

}

BT EAR LI G2 R — A 423Z custom (8 custom (72 SLBINENE— NS C k% kR H:
Z—ANEOWERHE—ASE TR M2 ML E A KT 2R, BAEARBIPRATR R A S H A
i B Z N ES RO B T ST, IR T AR Python Jrik:

def name (self) :
return " " % (self.first, self.last)

TERRAVLARGA first Fl last MOUREIHEN NULL. BCRBEHENT AR, FEUHE I R e
SN II;ULLD S AR B L Bk S S A IR SR M (R A A R o FRATTREAE R — 3 1 A gy
X — A

BAERNTE G S0 T I7iR, BATTREA 7k SCRA:

static PyMethodDef Custom_methods[] = {
{"name", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
b
{NULL} /* Sentinel */

(RPERERRA T T T NoRRGS HERFAIRIVr B M & B W self DASMIOFERT2%0)
X HIRZE tp_methods AV

[.tp_methods = Custom_methods, ]

Bn, TATEHERATAEB 9 AR TR, RAVE OGRS RAT T EAEEAIA SR =R
FERE R B X R B, B DATRAT R A A2 R py_TPFLAGS_BASETYPE YN N BN FRAT AR &
S

[.tpﬁflags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE, ]

P PyInit_custom() FEAFLL N PyInit_custom2 (), HHf PyModuleDef ZEMIA AR A FR, I
BT PyTypeObiect ZEHIA )RR, .

B, FATEH setup.py UMFRAIER IR,
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from setuptools import Extension, setup
setup (ext_modules=|[
Extension ("custom", ["custom.c"]),
Extension ("custom2", ["custom2.c"]),

1)

RIGHATE 2 ATERERS import custom2:

[$ python -m pip install

2.2.3 R THIBREME RS

AT, FATHXS custom /RBIH £irst Al 1ast JEMEM IR EHITERTAFER . FEFRAT E— AR
Hedr, SRR first Fl last A DARGBONARFAT R EE ZH0MER. F017 B0 X L m M ap & 5

(iR

#define PY SSIZE_T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct ({
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static void
Custom_dealloc (PyObject *op)
{
CustomObject *self = (CustomObject *) op;
Py_XDECREF (self->first);
Py_XDECREF (self->last);
Py_TYPE (self) —>tp_free(self);

static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);

if (self != NULL) {
self->first = Py_GetConstant (Py _CONSTANT_EMPTY_ STR);
if (self->first == NULL) {

Py_DECREF (self) ;
return NULL;
}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_ STR);
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;
}
return (PyObject *) self;

static int
Custom_init (PyObject *op, PyObject *args, PyObject *kwds)
{

CustomObject *self = (CustomObject *) op;

(T
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static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,

&first, &last,
&self->number) )
return -1;
if (first) |
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0;
}
static PyMemberDef Custom _members[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */
i
static PyObject *
Custom_getfirst (PyObject *op, void *closure)
{
CustomObject *self = (CustomObject *) op;
return Py NewRef (self->first);
}
static int
Custom_setfirst (PyObject *op, PyObject *value, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString(PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_SETREF (self->first, Py_NewRef (value));
return 0;
t
static PyObject *
Custom_getlast (PyObject *op, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->last);
}
static int
Custom_setlast (PyObject *op, PyObject *value, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
(ZEF )
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}
if (!PyUnicode_Check (value)) {

PyErr_SetString (PyExc_TypeError,

"The last attribute value must be a string");

return -1;
}
Py_SETREF (self->last, Py_NewRef (value));
return 0;

static PyGetSetDef Custom getsetters[] = {
{"first", Custom_getfirst, Custom_setfirst,
"first name", NULL},
{"last", Custom_getlast, Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy))
{
CustomObject *self = (CustomObject *) op;
return PyUnicode FromFormat ("$S %$S", self->first, self->last);

static PyMethodDef Custom _methods[] = {
{"name", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
b
{NULL} /* Sentinel */
bi

static PyTypeObject CustomType = {
.ob_base = PyVarObject_HEAD_INIT (NULL, O)
.tp_name = "custom3.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = O,
.tp_flags = Py_TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_new = Custom_new,
.tp_init = Custom_init,
.tp_dealloc = Custom_dealloc,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,

bi

static int
custom_module_exec (PyObject *m)

{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_ AddObjectRef (m, "Custom", (PyObject *) &CustomIype) < 0) {
return -1;

return 0;

EF 0
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static PyModuleDef_ Slot custom_module_slots[] = {
{Py_mod_exec, custom_module_exec},
{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}
}i

static PyModuleDef custom_module = {
.m_base = PyModuleDef HEAD_ INIT,

.m_name = "custom3",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,

.m_slots = custom_module_slots,
}i

PyMODINIT_FUNC
PyInit_custom3 (void)

{

return PyModuleDef Init (&custom_module);

J

BT E T first Al last JEME, AV B E RIS AT B AR R, DA R tE H T 8Ur
W first JBIEMEEL

static PyObject *
Custom_getfirst (PyObject *op, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
Py_INCREF (self->first);
return self->first;

static int
Custom_setfirst (PyObject *op, PyObject *value, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
PyObject *tmp;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
tmp = self->first;
Py_INCREF (value) ;

self->first = value;
Py_DECREF (tmp) ;
return 0;

BB B B2 custom MRAN—A> “PIE”, e EARGIT, Z e am. (F
A SRR RE SRR %38 20 BRI AN S B ) s UM . B, 3 mT DA ofe Fei/F— 2R B A AL B R
BRI P A0 P B B e e S B SR )

BEATREIE Z AL A custom MR PHEMM. HEATEEN noLL, FEXFRTOLE R g bR . e
IABEEA T, AR RO R 28 RO A 2 T AT W 25 1 e — iR

AN pyGetsetDer ZEMIAII L
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static PyGetSetDef Custom_getsetters[] = {
{"first", Custom_getfirst, Custom_setfirst,
"first name", NULL},
{"last", Custom_getlast, Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */

bi

IFAE to_getset MM EME:

[.tp_getset = Custom_getsetters,

J

£ PyGetSetDef LA H N R)G— T2 LR 2N “MIw”. AR, JOTBA MMM, FHtE]

HAE A NULL,
FATEAG T XL R/ b e X

static PyMemberDef Custom_members|[] = {
{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

FATEFEZNRF cp_init ALPREREH N N VL AFARFH

static int

Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

{
CustomObject *self = (CustomObject *) op;
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL, *tmp;

if (!PyArg_ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
s&first, &last,
&self->number)
return -1;

if (first) {
tmp = self->first;
Py_INCREF (first);
self->first = first;
Py_DECREF (tmp) ;

}

if (last) {
tmp = self->last;
Py_INCREF (last);
self->last = last;
Py_DECREF (tmp) ;

}

return 0;

}

WAL X ST R, RATREW B LR first Al last W — @ AN nuLL PAEIRATTREFE LT i 1 oL N RS B
NULL {EAGEr . X R WRE K7 py_xDECREF () & FHER W] AE%#0 4 py_DECREF () WM . FRATARET K
Tk B FH B ME— 37 &2 AE tp_dealloc SEELHT, A HLIX LU G IWI IR A AT BETE to_new HIZRIK.

AL HE Ay 45 1 R AR AL B& ORI A6 A0 BR B R AR Bk, R I 2 BB — B, AT

setup.py SCHEIN T —ANEIMN & o

3 BRAEFRAT VNG first A last B GAERRTAGER, FUCHFTRA TR OB A EN TR E RATHBOR AR/, AL, FA TR 54
TRIGEB] BRGNS X AT QAT I, BN T SRR — AT T I LB 2 BATHIXT Gk

A1l o
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2.2.4 ZHHEWLIREIW

Python HAG— 1] PAFRIRAS FEFE SR  42 1 48 37 55 0 =Dl 5 (GO) BIMEE T8 A TTEOE R . 3% Fh

HOLSTEN RYAGERT | I KA. N, BeAt:

>>> 1 = []
>>> 1.append (1)
>>> del 1

FEXABI T, AR T A B r1E.

LBIATMERE R e, ERIREA AR A HA

SRS . BRGITTEOFRE NS . SEisfyE, Python [ RERLLR [al e & & RS2 TC Y

B HRELE .

£ custom RBIHEE A A, BATARVHMER KB RAFHEE first 3 1ast JEM . 1AL, 1656
TR =AU, FATIE AR TIAL custom, HH TR AGIMEREM:. T XA A A AT

—A~, Custom XFZHL AT AMIATEEE :

>>> import custom3
>>> class Derived (custom3.Custom): pass

>>> n = Derived()

>>> n.some_attribute = n

ZAVF—MIMAG IR custom SEHIRERIRPE GC IEHI A, FATH custom RBTFFEIHEM

ANEE RS S I — AR R 5 X LA oz -

#define PY _SSIZE_ T CLEAN
#include <Python.h>
#include <stddef.h> /* for offsetof() */

typedef struct ({
PyObject_HEAD
PyObject *first; /* first name */
PyObject *last; /* last name */
int number;

} CustomObject;

static int
Custom_traverse (PyObject *op, visitproc visit,
{
CustomObject *self = (CustomObject *) op;
Py_VISIT (self->first);
Py _VISIT (self->last);
return 0;

}

static int

Custom_clear (PyObject *op)

{
CustomObject *self = (CustomObject *) op;
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;

}

static void

Custom_dealloc (PyObject *op)

{
PyObject_GC_UnTrack (op) ;
(void) Custom_clear (op) ;
Py_TYPE (op) —>tp_free (op) ;

void *arg)

BT
T EL, BRI R A T ARSI, T PR DA AGESE str TSP 05 | B ER
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static PyObject *
Custom_new (PyTypeObject *type, PyObject *args, PyObject *kwds)
{

CustomObject *self;

self = (CustomObject *) type->tp_alloc(type, 0);

if (self != NULL) {
self->first = Py_GetConstant (Py_CONSTANT_EMPTY_ STR);
if (self->first == NULL) {

Py_DECREF (self) ;
return NULL;
}
self->last = Py_GetConstant (Py_CONSTANT_EMPTY_ STR);
if (self->last == NULL) {
Py_DECREF (self);
return NULL;
}
self->number = 0;

}
return (PyObject *) self;

static int
Custom_init (PyObject *op, PyObject *args, PyObject *kwds)

{
CustomObject *self = (CustomObject *) op;
static char *kwlist[] = {"first", "last", "number", NULL};
PyObject *first = NULL, *last = NULL;
if (!PyArg ParseTupleAndKeywords (args, kwds, "|UUi", kwlist,
s&first, &last,
&self->number) )
return -1;
if (first) {
Py_SETREF (self->first, Py_NewRef (first));
}
if (last) {
Py_SETREF (self->last, Py_NewRef (last));
}
return 0;
t
static PyMemberDef Custom_members|[] = {

{"number", Py_T_INT, offsetof (CustomObject, number), O,
"custom number"},
{NULL} /* Sentinel */

bi

static PyObject *
Custom_getfirst (PyObject *op, void *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->first);

static int
Custom_setfirst (PyObject *op, PyObject *value, wvoid *closure)
{

CustomObject *self = (CustomObject *) op;

(B L)

EF 0
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if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the first attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The first attribute value must be a string");
return -1;
}
Py_XSETREF (self->first, Py_NewRef (value));
return 0;
}
static PyObject *
Custom_getlast (PyObject *op, void *closure)
{
CustomObject *self = (CustomObject *) op;
return Py_NewRef (self->last);
t
static int
Custom_setlast (PyObject *op, PyObject *value, wvoid *closure)
{
CustomObject *self = (CustomObject *) op;
if (value == NULL) {
PyErr_SetString (PyExc_TypeError, "Cannot delete the last attribute");
return -1;
}
if (!PyUnicode_Check (value)) {
PyErr_SetString (PyExc_TypeError,
"The last attribute value must be a string");
return -1;
}
Py_XSETREF (self->last, Py_NewRef (value));
return 0;
}
static PyGetSetDef Custom_getsetters[] = {
{"first", Custom_getfirst, Custom_setfirst,
"first name", NULL},
{"last", Custom_getlast, Custom_setlast,
"last name", NULL},
{NULL} /* Sentinel */
}i
static PyObject *
Custom_name (PyObject *op, PyObject *Py_UNUSED (dummy))
{
CustomObject *self = (CustomObject *) op;
return PyUnicode FromFormat ("$S $S", self->first, self->last);
}
static PyMethodDef Custom_methods[] = {
"name", Custom_name, METH_NOARGS,
"Return the name, combining the first and last name"
o
{NULL} /* Sentinel */
i
static PyTypeObject CustomType = {
.0b_base = PyVarObject_ HEAD_ INIT (NULL, O0)
(ZEF )
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.tp_name = "custom4.Custom",
.tp_doc = PyDoc_STR("Custom objects"),
.tp_basicsize = sizeof (CustomObject),
.tp_itemsize = 0,
.tp_flags = Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,
.tp_new = Custom_new,
.tp_init = Custom_init,
.tp_dealloc = Custom_dealloc,
.tp_traverse = Custom_traverse,
.tp_clear = Custom_clear,
.tp_members = Custom_members,
.tp_methods = Custom_methods,
.tp_getset = Custom_getsetters,
bi

static int
custom_module_exec (PyObject *m)
{
if (PyType_Ready (&CustomType) < 0) {
return -1;

if (PyModule_ AddObjectRef (m, "Custom", (PyObject *) &CustomIype) < 0) {
return -1;

return 0;

static PyModuleDef_Slot custom_module_slots[] = {
{Py_mod_exec, custom_module_exec},
{Py_mod_multiple_interpreters, Py MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}

bi

static PyModuleDef custom _module = {
.m_base = PyModuleDef HEAD_ INIT,
.m_name = "custom4",
.m_doc = "Example module that creates an extension type.",
.m_size = 0,
.m_slots = custom_module_slots,
}i

PyMODINIT_FUNC
PyInit_customé (void)
{

return PyModuleDef Init (&custom_module);

B, WAL GC HIARES S MR FX 4R

static int
Custom_traverse (PyObject *op, visitproc visit, woid *arg)
{
CustomObject *self = (CustomObject *) op;
int vret;
if (self->first) {
vret = visit(self->first, arg);
if (vret != 0)
return vret;
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if (self->last) {
vret = visit (self->last, arg);
if (vret != 0)

return vret;

}

return 0;

}

J

XHFEEA ] UGG X5, FRATERTEA visic O REL, TGRSR II k. visit () K
B 2% T X R 45308 D T IR N B arg fERNHB . Bk IEl—NMEH Y AERAE I AR 5]
UK Vgl=

Python $24t T —A~0l 5 3 ] visit pR 4% py_visiT() Z%. ] py_vIisiT(), FATA PAH/ b
Custom_traverse PHJHESR T/EE:

static int
Custom_traverse (PyObject *op, visitproc visit, wvoid *arg)
{

CustomObject *self = (CustomObject *) op;

Py _VISIT (self->first);

Py_VISIT (self->last);

return 0;

O #ik
tp_traverse ifmﬂﬁﬁ%%ﬁ%ﬁ?@ﬁﬁﬁ%ﬁ visit arg W\@{%Jﬂ Py_VISIT(),

F 7, BANFE RS DI R ARG BRAL A 0] AS IR T X R

static int

Custom_clear (PyObject *op)

{
CustomObject *self = (CustomObject *) op;
Py_CLEAR(self->first);
Py_CLEAR(self->last);
return 0;

}

YRR Py_CLEAR () RAYMEH o BRI IR AL R A B Ja M 0B s | TR R ) B2 i 7 K
AR FAERE BB NuLL Z [ @ E BV py_xpECREF (), WIEPEAIHTHA A W] AE S Bl R
BEPOR R R AU G 3] = RS | R 35) -

0 #i:
YR PAIE A PA N B ¥R AR Py_CLEAR () :

PyObject *tmp;

tmp = self->first;
self->first = NULL;
Py_XDECREF (tmp) ;

Toe WAar, o DN JE P sk 4G 28 {di B Nevertheless, it is much easier and less error-prone to always use
Py_CLEAR () #REHE i B H ARG thas . EAZE A A s Mt !

PR custom_dealloc AJRERAEIN K@M ML BRI . XEIREIEES GC AT RATE bR £ N FR 1 il %
o1 GC S I HTTECR A, A7 ZHEL ] pyobject_GC_UnTrack () kil GC {5 1B EAHH K
S5, FHEEFHANEH pyobject_GC_UnTrack () il Custom_clear BEH LI FENTRS:
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static void

Custom_dealloc (PyObject *op)

{
PyObject_GC_UnTrack (op) ;
(void) Custom_clear (op);
Py_TYPE (op) —>tp_£free (op) ;

)5, AR py_TPFLAGS_HAVE_GC JEFRUSINE| AR -

[.tp_flags = Py_TPFLAGS_DEFAULT | Py TPFLAGS_BASETYPE | Py_TPFLAGS_HAVE_GC,

J

FEMZEARZ T WRIANIME T HE X tp_alloc B tp_free ALPRZ:, WIFATT LH RIEIR B 1]

PoRBHE . KZH RO B SR i

225 FRMLHMAE

BIEIRAE A A RBAH R IR A RER . A D IR R NN B TUARIR , PR m] AT (b 1)

B 20 pyTypeObiject . FEN [P BRI Z [8] H: 50X 48 pyTypeobiect Z5 414 I R MER .
TEARB P FA TR A — A4k 3 N E 1ist A subList R, XAHBBKGE WA T MINFE, H

FHIA —NEAMEY increment () J5VE T8 N BB ) (E :

>>> import sublist

>>> s = sublist.SubList (range(3))
>>> s.extend(s)

>>> print (len(s))

6

>>> print (s.increment ())

1

>>> print (s.increment ())

2

#define PY _SSIZE_T CLEAN
#include <Python.h>

typedef struct ({
PyListObject list;
int state;

} SubListObject;

static PyObject *
SubList_increment (PyObject *op, PyObject *Py_UNUSED (dummy))
{
SubListObject *self = (SubListObject *) op;
self->state++;

return PyLong_FromLong (self->state);

static PyMethodDef SubList_methods[] = {
{"increment", SubList_increment, METH_NOARGS,
PyDoc_STR("increment state counter")},
{NULL},

bi

static int
SubList_init (PyObject *op, PyObject *args, PyObject *kwds)
{
SubListObject *self = (SubListObject *) op;
if (PyList_Type.tp_init (op, args, kwds) < 0)
return -1;

Cawy
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self->state = 0;
return 0;

static PyTypeObject SubListType = {
.0b_base = PyVarObject_HEAD_INIT (NULL, O0)
.tp_name = "sublist.SubList",
.tp_doc = PyDoc_STR("SubList objects"),
.tp_basicsize = sizeof (SubListObject),
.tp_itemsize = 0,
.tp_flags = Py _TPFLAGS_DEFAULT | Py_TPFLAGS_BASETYPE,
.tp_init = SubList_init,
.tp_methods = SubList_methods,
i

static int
sublist _module_exec (PyObject *m)
{
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0) {
return -1;

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {
return -1;

return 0;

static PyModuleDef_ Slot sublist_module_slots[] = {
{Py_mod_exec, sublist_module_exec},
{Py_mod_multiple_interpreters, Py_MOD_MULTIPLE_INTERPRETERS_NOT_SUPPORTED},
{0, NULL}

}i

static PyModuleDef sublist_module = {
.m_base = PyModuleDef HEAD_ INIT,

.m_name = "sublist",

.m_doc = "Example module that creates an extension type.",
.m_size = O,

.m_slots = sublist_module_slots,

ti

PyMODINIT_FUNC
PyInit_sublist (void)
{
return PyModuleDef_ Init (&sublist_module) ;

IR L, A S Z B L Y custom R BIAER AL FATRFE— BT ENTZ 18] 32 2 X .

typedef struct ({
PyListObject list;
int state;

} SubListObject;

J

IRAE RN R ) TR R AR T H R BRI QS AR 25— ME. BE2RALR C 2AE AR Ik

5 T PyObject_HEAD () »

24—~ Python X542 subList [SEBINS, B Pyobject * $EF ] AR Aok il 4540 PyListObject

* Ml SubListObject *:
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static int
SubList_init (PyObject *op, PyObject *args, PyObject *kwds)
{

SubListObject *self = (SubListObject *) op;

if (PyList_Type.tp_init (op, args, kwds) < 0)

return -1;
self->state = 0;
return 0O;

}

FATATALE TR B QTR A2 i B B 262 inie O J5ik.

XA E R A A E L tp_new Ml tp_dealloc M A KRN MRE L. tp_new ABRAFA N N HA
tp_alloc HIXIREFF DML NAE, i@ M H O tp_new RALBE.

PyTypeObject S ASIRF ] tr_base $5E R LR, Hﬂﬂ‘ﬂs?‘*ﬁl%%%ﬂ’]lﬂ%ﬁ, PR IETE LA
PyList_Type Y5 IR EIBELT B B 247E Py_mod_exec B SE M

static int

sublist_module_exec (PyObject *m)
{
SubListType.tp_base = &PyList_Type;
if (PyType_Ready (&SubListType) < 0) {
return -1;

}

if (PyModule_AddObjectRef (m, "SubList", (PyObject *) &SubListType) < 0) {
return -1;

}

return 0;

}

TEVIH] pyType_Ready () ZHI, FKELEMELHNC LT tp_base #7. HFATMIA LBIRERS,
ATTENF tp_alloc FIHFEN PyType_GenericNew () - 3 [ BT A7) L bR ICRS 2 BEARK -

FEIBZ G, WH PyType_Ready () FRFEANS G s A b v 1 372 5 BEAN) custom /il 22—

23 EXT RER: ESXEAE

AT H AR P i — A& R AT ASE B 2 B VA S H I BER T 4
Xie C KA pyTypeObiect MIE L, AT RMT AR FE:
typedef struct _typeobject {

PyObject_VAR_HEAD

const char *tp_name; /* JA TH H, & A A "<module>.<name>" */
Py_ssize_t tp_basicsize, tp_itemsize; /* ﬁ]]i/\wz */

/* AT EAATERES T E */

destructor tp_dealloc;

Py_ssize t tp_vectorcall offset;

getattrfunc tp_getattr;

setattrfunc tp_setattr;

PyAsyncMethods *tp_as_async; /* %i%;ﬁ tp_compare (Python 2)
3, tp_reserved (Python 3) */

reprfunc tp_repr;

/* RTHREXGTEE */

PyNumberMethods *tp_as_number;
(A

44 Chapter 2. RERE=FTRIET R




Extending and Embedding Python, A& {ThRZ 3.14.0rc3

(% 750

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

/o EERRRAE XBRT HURE)

hashfunc tp_hash;
ternaryfunc tp_call;
reprfunc tp_str;
getattrofunc tp_getattro;
setattrofunc tp_setattro;

/s ARTUBMAN/BEZrRFRFEAREGEL */

PyBufferProcs *tp_as_buffer;

/* AT RXT &/ REUEREFAEWNERT +/
unsigned long tp_flags;

const char *tp_doc; /* XA FFE +/

/* 2.0 RARFELEE & X +/
/5 KRBT AT R s 2R E %

traverseproc tp_traverse;

s BB TR e RE TR </

inquiry tp_clear;

/X 2.1 RARE AW A X +/
/* BB EE </

richcmpfunc tp_richcompare;

/* BREIIR */

Py_ssize_t tp_weaklistoffset;

/r BERE
getiterfunc tp_iter;
iternextfunc tp_iternext;

/* BHEBER BT EUAR /

PyMethodDef *tp_methods;

PyMemberDef *tp_members;

PyGetSetDef *tp_getset;

// ERAGEIR, RAXEAHENTA
PyTypeObject *tp_base;

PyObject *tp_dict;

descrgetfunc tp_descr_get;

descrsetfunc tp_descr_set;

Py_ssize_t tp_dictoffset;

initproc tp_init;

allocfunc tp_alloc;

newfunc tp_new;

freefunc tp_free; /* ERWBRAFEHAE +/
inquiry tp_is_gc; /* T PyObject_IS_GC */
PyObject *tp_bases;

PyObject *tp_mro; /* F AT */
PyObject *tp_cache; /* [ B # FFH */

void *tp_subclasses; /* WTHINEXBEXKEEZ—/NFF */
PyObject *tp_weaklist; /* AWATHASAWE LA «/
destructor tp_del;

/ RBBUZFERARE., £ 2.6 BUFF.
* WRAE, WEFE LB L RPA I
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(B L)
*/
unsigned int tp_version_tag;

destructor tp_finalize;
vectorcallfunc tp_vectorcall;

/v RAERBHA XD GERE ~/
unsigned char tp_watched;

/* £ A tp_version_ tag HEKE.
* B At KA B B MR A 2 & A _Py ATTR CACHE_UNUSED
~ (Bl T EEXHE MrOXETHER) ©
* FEHAMFWT, W RE 4 MAX_VERSIONS_PER CLASS (7 H ftud 77 & X ).
4
uintl6_t tp_versions_used;

} PyTypeObject;

XHA R 27k (HRAZRIL, WRAREE 2R, i AR E LRI IiA.

MR RN —FE, FATEZ DN G R PRy o DA R I sk i 7 B R
B AFRATIAS 2 ARG E NI G Ak B SCRO IR IH . 85 AR R 5 R B — M S IR 2 7 Bey ) 1,
IR EZE AR B S 2

[const char *tp_name; /* A FATH */ }

R T - E—ERIEN, SHIERZHTT, LR TEWHR . Sl — a7,
XIS R B -

[Py_ssize_t tp_basicsize, tp_itemsize; /* ﬁiﬁléfﬁﬂ w5y }

XS BOE R B A TN TE A X A KA B0 e 5 L2 D A . Python Sy T RIS FERYZEH (A8 :
TR, ) AENESCRE, X2 tp_itemsize FEAFIERISEH . X HR R IERE .

[const char *tp_doc; J

DXHLURAT AT B — B e (B BRI ), 4RAEAE Python JHIAT ] obj . __doc_ IR M1 B SRy
TAFH

PAERATRE— T EARRITIE - REEY LRSI 75
2.3.1 KLEFMAERER

[destructor tp_dealloc; }

MR RSB 5| T RO B H Python AFRESH R MBI, R BEpR . ASRARAYEALE
WA AT ORI s A T A 3, AR AT DB B . R RA B A X R PATR 2 IR 7
ik

static void

newdatatype_dealloc (PyObject *op)

{
newdatatypeobject *self = (newdatatypeobject *) op;
free (self->obj_UnderlyingDatatypePtr);
Py_TYPE (self) —>tp_free (self);

}

TSRAR B B SRR U, BT AA) 48 17 24 13 BRAT AT A T B Z BT ] PyObject_GC_UnTrack ():

static void
newdatatype_dealloc (PyObject *op)

(BT ID
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(B L)

newdatatypeobject *self = (newdatatypeobject *) op;
PyObject_GC_UnTrack (op) ;
Py_CLEAR (self->other_obj);

Py_TYPE (self) —>tp_free(self);
}

— AN E BRI PR B ZROR T A R R HCE A S . X AR EELE AR A S R i )
WH, UFERBE (MAEEERED, AEEMINERIPREE S — D8 AR IR E . R
A B AEATAT R AR 2 T BB AN ) Python AU R4S & 7 R IR B . X W] RE R BUBRERS 1)1 21
BiiR. BRI R, TN EIERT, RS, RETEHERERE . &0 At
PyErr_Fetch () fll PyErr_Restore () FRECRSZH:

static void

my_dealloc (PyObject *obj)

{
MyObject *self = (MyObject *) obj;
PyObject *cbresult;

if (self->my_callback != NULL) {
PyObject *err_ type, *err_value, *err_traceback;

s RBBESHRERE
PyErr_Fetch (&err_type, &err_value, &err_traceback);

cbresult = PyObject_CallNoArgs (self->my_callback);
if (cbresult == NULL) {
PyErr_WriteUnraisable (self->my_callback);
}
else {
Py_DECREF (cbresult) ;
}

/e RBREWGEHRERA

PyErr_Restore (err_type, err_value, err_traceback);

Py_DECREF (self->my_callback) ;

}
Py_TYPE (self) ->tp_free(self);

O #ik

PRREERERAS R P L AP TRIEAE R A BRI . & 58, WIARARI B S HER IR MU (] tp_traverse
/5L tp_clear), XTHRMF AT DAFEW A tp_dealloc BIHREAS A4S, HIK, FE tp_dealloc
W ARIOXT SR FARGERES : BB TZ. A EHEBRAT 55 APT A9E A (a0 L Ta i
TN TR ) e AR T RE S PRV tp_dealloc, FEONEREMOT &4 filt.

M Python 3.4 JT4fy, HEFFAEAE tp_dealloc UIRARMIALEED, e fHHH tp_finalize KAT5

& BI
PEP 442 R T B A5 T7 5
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2.3.2 WRET

7 Python Ht, A PIHNTy 30T DALE BN R B SCAFIR: repr () BREIHI str () BREL. (print () RIS EHE
P str (). ) IXELAL PR FPH0 S AT ERY .

reprfunc tp_repr;
reprfunc tp_str;

tp_repr ALFFEFF VKR Bl ANFERFEX S, HPOE&REAERLArERER. T fE Gl
5

static PyObject *
newdatatype_repr (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
return PyUnicode_FromFormat ("Repr-ified newdatatype{{size:%d}}",
self->o0bj_UnderlyingDatatypePtr—->size);
}

WERBAEE to_repr LEFEAR, MPRESFHRAE— DN R tp_name BRI AR R A ME—HR

P

tp_str AABEENS T str O BLAI LR tp_repr ALPRESXT T repr () —FE; WHEUL, B ST Python
RASFEVREY N G AL PR st O BPOR A . BREHE to_repr BMECEFEAIML, (HHARFLF
HBRMAREEN . WREEE to_str, WA to_repr AHZRMAE.

N AR R 1

static PyObject *
newdatatype_str (PyObject *op)
{
newdatatypeobject *self = (newdatatypeobject *) op;
return PyUnicode_FromFormat ("Stringified newdatatype{{size:%d}}",
self->obj_UnderlyingDatatypePtr->size);

23.3 BHER

XTI SRR RAEA RGBSR L AR A I 42 s PRI U s . 5 20— el
SR PR R R (SR E SC TR ) B2 55 PR St w e (MR AR R ) . BRR
PR —FRIATE DL, TEBUREOU T ZAL 4 A BRI NULL,

Python SHFPIA R MEALBEER ) — A SCRp BB I B FR 2 SC U b — X s . B 22 5T —
X2 char* fENJEIEARR, 15— RS pyobject ., RRMMISIUHAR AT LAGESER A X SE B (3 A1
Ui A TSR3t

getattrfunc tp_getattr; /* char * H&ZK */
setattrfunc tp_setattr;

/% o000 =Y

getattrofunc tp_getattro; /* PyObject * R&j( */

setattrofunc tp_setattro;

TSR —AN X S B SR MR R R T BRRAE  (RCRFE R SCHEATARRE) |, A — iz A SE B AT A SR AL
PyObject* MUAIKJEMASBEEREL. A Python 2.2 JFHAXT T2 L J@ 1 J@ MEAL FRER I S Br TR B LB 56 4
THR, REAFAEE VF 2 i AR PR R 8 Ao i) vl ez T HIL I 191
ZREMNER
KEBY B PitpEr:, R4, 2AHailBras “fear g7 HFESw e N L4
1. 4JHH pyType_Ready () B}, WAZUHIEJEMERI 4 FR.
2. N ERRM AL BRI SR B M R T e B, WA TR EARYE R U1
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TR, WHIEARXHE A (AT A s B B A7k 7 =t AT AT SR 61«

M pyType_Ready () HHIA AN, "B & BB G 51 H H) =430k 0] # 2R 5 B R 1) 7
By descripor . BRI AR 6 SE BTG ) — A B TR . S RER TR MR = RAE
#oR NULL, T ZRA S A BT B R B ROk B, I IR 241k tp_getattro Al
tp_setattro FEAREF A NULL, DASSVFH AR PLX S g Pk

FEH A A object:: T = AN By

struct PyMethodDef *tp_methods;
struct PyMemberDef *tp_members;
struct PyGetSetDef *tp_getset;

U1 tp_nethods A% ULL, MIEMAGIE I eymethodves LHIALKIIRAL, FrtriyigA % H
RSO — 50

typedef struct PyMethodDef ({

const char *ml_name; /x Fika R~/
PyCFunction ml_meth; /x SEHEE </
int ml_flags; /AR A/

const char *ml_doc; /E XEFHE </

} PyMethodDef;

I8 24 H % B PR R B O EIR R E L — A H 5 MEERBARFOR I L To /g Uk H .« IBFRETER
Em— 854 H s ER—MRCBEEAT R R H o RS H Y nl_name “FEUAAUN NULL,
B AR E SCE WSS LB s . ARG C ANy 2 850K, I Hysi oy =]
DA R B . RS e SOA:

typedef struct PyMemberDef ({
const char *name;

int type;
int offset;
int flags;

const char *doc;
} PyMemberDef;

J

SFFRBENLHE, B E— A descriptor HER BT A i HRE D M 2B 55 H 1A P4 U . type F
B AL — A RARAS A py_T_INT B Py_T_DOUBLE; A{ELRF FH T4 % 4nfnlKf Python {E#% ¥k C {H5
2. flags PR T AR B S AT gy 19 A A - AT AR IR A py_READONLY PARJ 1 Python 1%
R EE

i to_members FERAHH T84T M HEIAEHEA — A B SR AT DA Ry 38 S Jg ph il
DA T B HbE 1 2 v B A SOAR SR R AN IR R SR A . — AN F AR ] DAGE I 48 APT A2t
SARBUEIAR, A __doc_ BHRIKBURY 74 .

5 tp_methods F#—H+F, FEH—AME N NULL 1 ml_name IHIEZ4H.

RBEREMENERE

N BRI, XERBEUR char iliA; name JWSAYRAUE char* Ml Pyobject* WUARHE M Z ) ME—
Ple XASTR BB BT 5 Iz s B R R S, HSCA 8 HIAE Python 2.2 W iz JH S04
EARRE T AL B g SR BSOS NIRRT, PR UERAR A SE T 2 R EATRIIRE, RS W A A 4 F
(L GhR

tp_getattr AR SAEXT AR BT B IEE AR . BRI G5 — RN __getattr__ 0
TR B B S AR o

Bilan:

static PyObject *
newdatatype_getattr (PyObject *op, char *name)
{
(ZEF 50
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newdatatypeobject *self = (newdatatypeobject *) op;
if (strcmp(name, "data") == 0) {
return PyLong_FromLong (self->data);

PyErr_ Format (PyExc_AttributeError,
"'%$.100s' object has no attribute '%.400s'",
Py_TYPE (self) ->tp_name, name) ;

return NULL;

(B L)

J

ML __setattr_ () Bl __delattr_ () HIERSHH tp_setattr AbHIR. ATFHEMER—
AN EERS, B =AES RN nuLL, REE N BRG] & S B F s iR R SL R R AR, )

tp_setattr AMFEESN 4951540 NULL,

static int

newdatatype_setattr (PyObject *op, char *name, PyObject *v)

{
PyErr_ Format (PyExc_RuntimeError, "Read-only attribute: %s", name);
return -1;

2.3.4 MRLLE

[richcmpfunc tp_richcompare;

tp_richcompare AbPREF AL LHEAT LRI BIA M . BEROT B HEIE, Bl _1c o, ok

PyObject_RichCompare () %ﬂPyObject_RichCompareBool()ﬂﬁfﬁo

LG BRI R B R A5 AT Python X R A2 HAFE NS E, HA 2B A7 N Py_EQ, Py_NE, Py_LE, Py_GE,
Py_LT B{ Py_GT Z—. ‘BN 4 FI $55E s 5547 o0 LR X 52 78 L A A I iR 0] py_True 3§
Py_False, U1 ERIEARY LI N 2R HA XS 5 LRy 3 W3R (8] Py_Not Implemented, YN

RCE T R R A NULL,
TR EISEEL, IREE A A0SR RS E T R I S A A R A SR

static PyObject *

newdatatype_richcmp (PyObject *1lhs, PyObject *rhs, int op)

{
newdatatypeobject *objl = (newdatatypeobject *) Llhs;
newdatatypeobject *obj2 = (newdatatypeobject *) rhs;
PyObject *result;

int ¢, sizel, size2;

Jr BT HETA S B A

newdatatype XA W RE */

sizel objl->obj_UnderlyingDatatypePtr->size;

size2 = obj2->obj_UnderlyingDatatypePtr->size;

switch (op) {

case : ¢ = sizel < size2; break;
case c = sizel <= size2; break;
case c = sizel == size2; break;
case c = sizel != size2; break;
case c = sizel > size2; break;
case c = sizel >= size2; break;

}
result = ¢ ? Py_True : Py_False;
return Py NewRef (result);
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2.3.5 HRMWZH

Python SCRFZ N 495 Hh's HEREORMTARSEEE 11101 1 11 BUIATE abstract 177

O 1R Python SSILIT A1) FMHEE X0, HEHIND, RO . BRSHRFIRUA TF AL
L1252 Python WAL . SLBHIUUREATRIGY . AT HOBUCSE R 1 5505000 TS FA il
R, IR FCHE SO AT ST AL PRI, 3 BB B J XA s i
ATBONIOMIL, FE3 A BUREER GRS M B o AR A2 . (MRS 2250
FERLEAE oL BORFRL, T DABBEAEROICHI — M GLIOTEE, (LA L0 T RE R R BUTIOIRS )

PyNumberMethods *tp_as_number;

PySequenceMethods *tp_as_sequence;
PyMappingMethods *tp_as_mapping;

QERARAT EARBI XS S AT R D5 PSR X 5, IS 2R S B E — S8 T C 388
PyNumberMethods, PySequenceMethods EzPyMappingMethods,B@éﬁ*@ﬁﬁﬂ@ﬂﬁﬁko ﬂ(%@ﬁiﬂf%?ﬁiﬁéﬂgﬂﬁ

B BEE K . YRATPATE Python YRS KA objects HgAPHREIX LRI 54 A 1 AR Bl

[hashfunc tp_hash; J

ARARVEFE S BE LR, U R 2 A AR A R S 2 ) S 3R 8] — IS A (e T2 — R ER A s

static Py_hash_ t
newdatatype_hash (PyObject *op)
{

newdatatypeobject *self = (newdatatypeobject *) op;
Py_hash_t result;
result = self->some_size + 32767 * self->some_number;
if (result == -1) {

result = -2;

}

return result;

i

Py_hash_t @ MERERRT RIR-FERA RS BECER, M tp_hash R[] -1 FREET HiR, X
WU A AR, 24 T S AR NG s S IR [ e, A0 T I s i

[ternaryfunc tp_call; ]

WERELAE PR A E R B SE B A, 28015k 3E, Q2R ob3 1 AR EHE AR 524511 Python
AT objl(thello'), NPEFMUE tp_call AbFERE.

R Z =S4
LWU%W%%%E%%@%%@%%om%%m%om1MmMW)%meﬁOMh
2. args BEEWHASE CH . AP pyArg_ParseTuple () JBfEHSE.

3. kwds J2 B AR TS AR T, WREA N vuin HAR LR TS5, Wil A
PyArg_ParseTupleAndKeywords () JRFEHUSEL. WIERRAR SR B2 50m B M9k nuLL fH,
M £:5] % TypeError H I — AR L EE X B F SR A .

NN tp_call SCHL:

static PyObject *
newdatatype_call (PyObject *op, PyObject *args, PyObject *kwds)
{
newdatatypeobject *self = (newdatatypeobject *) op;
PyObject *result;
const char *argl;
const char *arg2;
const char *arg3;

if (!PyArg_ParseTuple (args, "sss:call", &argl, &arg2, &arg3)) |

(T
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(#2 E50)
return NULL;
}
result = PyUnicode_FromFormat (
"Returning -- value: [%d] argl: [%s] arg2: [%s] arg3: [%s]\n",
self->obj_UnderlyingDatatypePtr->size,
argl, arg2, arg3);
return result;

}

/* Iterators */

getiterfunc tp_iter;

iternextfunc tp_iternext;

T2 bR ELFR AL T XA SR . XSRS R 2 — NS, RIEAT)E A i 8 A i 52
B, HRE—AFGI . M RERRE, BNV RE— D55 IR NULL, tp_iter Xf[ T Python
__iter_ () F¥%, T tp_iternext XfW T Python __next__ () F¥E.

{FAwfiterable 3T FRM LI tp_iter ALPHES, ZALFRES AR [0l —Aiterator X145 . T £S5 Python &
S . A [] i e -

o XIFRAASCRRZ A M AR L0 (S RFTTA) , WRATERR R to_iter WAIEIFIR
[ — AT AR .

o ABERA NS GEF 2 T IEAEAER M, BISCrExtge) wl Al iR ml—4~ 1
HERBHEUHREI to_iter - H HBIER 2SI tp_iternext ALPHL.

{EAifiterator X GERNY. 24 [FHF LB tp_iter fl tp_iternext. —PiEMARN tp_iter ZbHHZRI 241k [m]—
AMEIZIE BRG] . B tp_iternext ACFHERI 23R [l — A5 1A EACERAVER N — X 209585 |
M, MREHE T L0, mREREFEARRE, W tp_iternext PRI NULL Wi AN BEE F#
] AFEIR M) nuLL (L b RN stopTteration; MO SEE AT AP AE AT PERE. QISR AR
TEEBREEE R, W) tp_iternext WX RE R E AT IR NULL,

2.3.6 55| AXH

One of the goals of Python 555 | i SEHLHY H bnz — & AAVHE R RS 5 555 L] A A LR RE A0
g (BIngey) LA BT

S I
weakreftﬁiﬁﬂ@j{fﬁo

ST RESEE AR S, VERBIKE tp_flags FEM Py_TPFLAGS_MANAGED_WEAKREF H4%(V.
IHZHY tp_weaklistoffset FERMNW MR HE,

FRHE, PAR AU maS s B i 28X G A 1

static PyTypeObject TrivialType = {
PyVarObject_HEAD_INIT (NULL, O0)
/5 FBTHMARRANEREEHE ...
.tp_flags = Py_TPFLAGS_MANAGED_WEAKREF | ...,

bi

ME— RN TE 2 to_dealloc FREERATAT555] H GEL I H Pyobject_ClearWeakRefs ()):

static void
Trivial_dealloc (PyObject *op)
{
/r ERRAEATMEZ R EEFREIR */
PyObject_ClearWeakRefs (op) ;
(BEFT0)
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(B L)
/o BRMTHMKRBEERB > UARTEEHE ...
Py_TYPE (op) —>tp_free (op) ;

23.7 ESEI

N 2T AT AR TR S B SR R 1 7 vk, T HRICPython Y5 . HEA objects H%, RIGTE
C FCIF AR co_ I EARIEE AR AL (B, tp_richcompare). ARFFHENRAR T SL BRI R BLHIBI T

YR EIUE— DX R ARSI ERAY RAR LB, 3] pyobject_TypeCheck () %L B/
— AR BITR:

if (!PyObject_TypeCheck (some_object, &MyType)) {
PyErr_SetString(PyExc_TypeError, "arg #1 not a mything");
return NULL;

& B
F#&k CPython J5{CESfiR A .

https://www.python.org/downloads/source/

GitHub |31 CPython J5{Ci%1¥) CPython i H .
https://github.com/python/cpython

2.4 ¥ C/C++ ¥ &

—~ CPython ff) C #"J/— AL (fI40 Linux 19 . so, 8i# Windows 12t .oya), BE&Fthi—4 #
EERI AL 48

2|5 extension-modules 3 T fBIFI .

2.4.1 {EH setuptools 3 C 0 C++ ¥ &

M. TR K R R i (56 = THSEM, I HEE TASCEE. —PMadn THZ
Setuptools, FLSCAYT] PATE https://setuptools.pypa.io/en/latest/setuptools.html _F 3%,

distutils fBIRTE Python 3.12 Z Hi— B AL STERRERE, BIFEAFA Setuptools ) — 7 #EATHES .

2.5 7 Windows F#3§ C 0 C++ ¥ &

X — S EE T Al Microsoft Visual C++ @] Python ) Windows AR H, 4R J5 TR A XKL
TAEHLBREA T SHE B . XL ULITAORHR I I8 T T Windows F2JF 512 >J #4# Python 4" J£PA K Unix f2
JF B2 2] Qi A e Unix Al Windows 1359 BUSh M A 201«

S AR E S 5 distutils D7 SCORA YT AR, TN AT iR e =0, RIS TR EME A C 4%
FRok A7 Python; i % 4 Microsoft Visual C++.

O #ik

XA N T 2 A AEC ifY Python BASS (1) 3044 o X BESCIE4 DU IR Ry xy IJIRAS SR U5 1
ek, x REAARETEE A ) Python AU A S 1y K RKAS . Blan, AR A
f)J2 Python 2.2.1, xv ¥k 22,
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2.5.1 iE=\i5EA

57E Unix b—F¢, 7€ Windows A1 3 B A PRI 720 ] setuptools RS HIMELIFRE, 5K
FHeTFoh#lE. setuptools i aUid T REZEP E; i setuptools MEAIFT G REATLEL A SCRY W14 )
setuptools #]3% C Fo C++ ¥ o WIRAREBRER TR EFhEAE, AW —T winsound Friff FEA LAY
TiH 4 n] e RAH . standard library module.

2.5.2 Unix #1 Windows 2Zalf4 =%

Unix 1 Windows X J- (U Bz A7 26 1 7 58 A R B9, FEReil i s T shaS i s 2 7,
TSE T RUR BT AR G A TAER

1 Unix 1, — IR (. so) U&= e R BT AURD , A S e i vh T e 210 1) e 44
PRAEE . 243 FR A B i, O SCPRAURD Hh sk 26 ek BRI Bt ) 4 v | R SR R 1) AR
H BR RO RS E A PP BT ) SE PR B KBRS e — MR AR

£ Windows W, —ABIASHEEE (. d11) SUPFR A ST . @i ad — D AR AT s A
AU R AEIZf 7 DLL AU A 4TI 2B T B MBS E LM 7 DLL iy #ksE, If
HAEIZAT IR R S B AR 1) 5 5 1) e B 25

TE Unix 1, HAFFE—FE SO (La), BESREZMNE M (o) RIS, FEAIEE X5 S0 (L so)
HIAERERY B, B vl BE S A BUE AN HIE BRI EWE B 2 S o SRR R E A BN S S0
ERE: WRERETE, SRS EEE B2 S S T A,
1E Windows 1, fEfEWIRNESRAY, #SEMFALE @ RAHZ 1ib). FFSERLIT Unix 1Y .a M
EUSTELER AR . SAREEAR AU T e AR E AR IR AT R S, I HRE
DLL % im#k il TR 7 o X RERE 2R vT 60 1ok B S A 5 S M A 3R 3R AR F R e 46 7E DLL
HEIPRIRAT . 24— I RE P e DLL g8y, wReS Bl — NS AR, BRa 28 TR P
DLL H AR A 13X L4455 1) DLL.
B AR IETE G IF A ShAS IEBH B 1 C, BT Y= — A A, £ Unix |, /R REffa.a
R HAERE N B.so fil C.sos B FECEMEIEMIK, XFE B CHa3IHAaENHCHEI4A. &
Windows I, ZfiF a.d11 BFEEERIFEA. 1ib, R M B8 A 1ib LA T BRI C, A 1ib HAEE
A5 B RS RS TR TR A M REREE.
1£ Windows |, i {2 AR SGRMH import spam; BEiLARATI AT ) spam Hg 48K, (HIF AL
B—AHMEA . 7E Unix b, S — N FEES 2 from spam import *; ‘BEoxl@— 4,
Py NO_LINK_LIB

FKHAE CPython 3L SC AT BT “#pragma“fiy 55 Python 1Y Az .

Added in version 3.14.

2.5.3 DLL #y=cpr{EH

Windows Python J&7F Microsoft Visual C++ 415 i F HAL gk as nl E S W T REA S TAE. AT H
AR S EE R MSVCH+ 11

1t Windows H@1J7# DLL i}, AR AT A PRy 306 ] CPython % :

L BRIARE LT, BHH & pc/pyconfig. h BUET Python. h il 5. FlE BB R .
KSR pythonxy_d.1ib FIT K, pythonxy.lib T &, PAN pythonx.lib HI T JEH
T M AP A .

ZHEMS DLL, spam 1 ni (1] spam "R EIAY C BED, ARM S EE AT iy

cl /LD /I/python/include spam.c
cl /LD /I/python/include ni.c spam.lib

A T =130 spam.obj, spam.dll il spam.lib, Spam.dll A& fT{a] Python pR
# (WN pyArg_ParseTuple (), {HE A FaxliEHEM pythonxy. 1ib T AEANTE QM $£ 5] Python fX;
i,

B AmARIE# T ni.dll (LA .ob3 A . 1ib), BEHEE MM spam PA K Python W] 4T SC/4H 3R
PN BR AR
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2. fEf1% python.h Z W, FEhE NPy NO_LINK LIB % . WK pythonXY.lib &b HEHEES .
TR M DLL, spam Al ni (ffi i spam H14EE]1¥) C l‘_lééﬁl), PRI 240 B DA R 4

cl /LD /DPy_NO_LINK_LIB /I/python/include spam.c ../libs/pythonXY.lib
cl /LD /DPy_NO_LINK_LIB /I/python/include ni.c spam.lib ../libs/pythonXY.lib

F—am A T =10 spam.obj, spam.dll il spam.lib, Spam.dll A& fF{a] Python pR
£ (4N pyarg_parseTuple (), {HEIMIL pythonxy. 1ib Al ARIE AR EI &G Python fUA5

IR T nidll (PAM .oby Al . 1ib), EHGEAAA spam DA K Python AT AT S 4k
IO @
AR NIRRT P I B &R, WRARAR AL AT H AR (145 Python) #REEH FIRHIAR A
ﬁ:, sz\ﬁﬁﬁj: _declspec(dllexport), ,fj"jljil[]/—[’f void _declspec(dllexport) initspam(void) B
PyObject _declspec (dllexport) *NiGetSpamData (void) q3~$$o

Developer Studio USIIAR ZARH A EIEFT L FALE, a3 R0 ] AT SR/ NE I 100K, SR E
AT, O BB L A SR TR 18 E BeE BN o RFIERAA) msvertxx. Lib PR SR .

2.5. ¥ Windows t#J% C f1 C++ ¥ [& 55
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CHAPTER 3

AE KRN HZF RN CPython Z1THY

A, e S EAE Python RS T8 LN N RE s THY T, 1l #ir BFf CPython iz 4 TR A 2| 3
KREGRAREF e AT AR T I 5 AR B B el — L4075

3.1 EHENAERFEA Python

HJLEIE 1 Aifarxt Python HEATHJE, AL Al i) C s %%y Python FYZIfE. SLad skt nl DAY :
Hf Python iR AFI C/C++ [ AR Fp £ 5 BB 3 AP AT DALE B 1A 7 1] Python R SE L LL I fiE
A C B C++ o HIBAMRE; HAnsLiF Al 7 Python 45— LU A, DASEE il I A% Fr 8 2 75
Ko ASRFLLETIREN] Python i SR H NS, MATFENRHCWAEX AT

Python R AR T ¥, HAZEME. AFZAAET, §7J%€ Python I I FE 7 iy E A2 7 75 98 2
Python f#RE4%, WMifx A Python I % 2 F% /7 1] fiE-5 Python 58 42 0 iy W AR P (9 S LE 3 /R &
A Python A Kz 4T—LE Python {5

Pk, #Edm A Python, FEZHEAL A C M EREF . T RF MUY S 2 — 2 W1 1R 1L Python MR .
BRI REL Py_Initialize (). iBA7LERILEAYIH AT ) Python 2 ey S472 4. Z )5 Bl A
Py AOATAnT 77 8 D AR 1

JA R AR 7 s & JLFR . AT PyRun_simplestring () & A—/M & Python IERIHIFAFHE, [

PyRun_SimpleFile () f& A—> stdio SCAFEEHAI—A 304 (DRSS R AR ) o 87T PA
A AT AL I IR)Z B R A T () Python X542

& BI

c-api-index

ARICHANEE T Python fY C 211 . X BARELER(FE R .

3.1.1 BEREIHRA

I AT B Python i ATE R R AR M2 M4 0 . 1248 11 H Ar g R T— B Python A, 1l 675 5
I AR AL FEAN AT AU T DA AR AN S AT — S e

#define PY_SSIZE_T_CLEAN
#include <Python.h>
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(#2 E50)
int
main (int argc, char *argvl])
{
PyStatus status;
PyConfig config;
PyConfig_TInitPythonConfig(&config);

/* WTRTHWERFEER ~/
status = PyConfig_SetBytesString(&config, &config.program_name, argv[0]);
if (PyStatus_Exception(status)) {

goto exception;

}

status = Py_InitializeFromConfig(&config);
if (PyStatus_Exception(status)) {
goto exception;
}
PyConfig Clear (&config);

PyRun_SimpleString ("from time import time,ctime\n"
"print ('Today is', ctime (time()))\n");
if (Py_FinalizeEx() < 0) {
exit (120);
}

return 0;

exception:
PyConfig_Clear (&config);
Py_ExitStatusException (status);

O #ik:

#define PY_SSIZE_T_CLEAN #¢JHEF5HH py_ssize_t NV Y4YEHEEE AP Fp/CES int {1 . & M Python
33 RCAHFE, HERMHEEH T T H#A. 1§34 arg-parsing-string-and-buffers TR 7 14
ix,

wHE PyConfig.program_name Eﬁiﬁz% Py_InitializeFromConfig() 2:%ﬁ§§ﬁ%ﬂ%@Lﬁﬁ€§%ﬂﬁ§%%%§
Python jZ 47 I PR B 4. H2 ok, Python MERESRFF (i py_Tnitialize O RWIMAML, IR IHATHE S
) Python AT By HWAII (] fEMZ I, Py_FinalizeBx () VAR KPAIMRREDS, BlRIGHRAL)T .
TEESRRE I, AR AT RERR ZEM AN P AR I Python JHIAS , B M SCAR SR as B . SRl ik e <5
. il pyrRun_simplerile () BRACAT DATESF M SCER I Python AUAT, 30RE A 448 2540 TiE N A7 25 [T A
AT 2R R A o

3.1.2 RBEEERBEABIPRE: #hk

e 2 HE O RE MY AR P A TAE ] Python AT, (H 2/ R e i vl b2 AH 24 BRIBUTY o oy 7 A4 i
LB ARG AV« JLF-n] ASEBAE T fE, RN RISEEZ 8 C A,

WEEERE, U RERIA, (9 Python FIEA Python B BAHIS 0L, HILEEHERY K 2 BRIk
A BT RILE—, FWHA— R Python 5] C (4R ISEIRMC T 24

1. *Ff Python () %das% 45l C #83(,

2. MR REER AT C BT ek B0 A

3. RE AR [ B A C #4824 Python A%
itk A Python B, 45 11T AR5 £330 HEAiL -

1. C Hdlaf4sely Python 4%,
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2. AR AR AT TR Python 4 11T B R ECIE
3. KFUR AR [m] B %dis A Python 544550 C 155K

] LR B A RS TR WU, DA RS TR S AR R 1] o PEE— 1) DX R A T R e e
1V R R RO ol FESRATHJRIN, A C e, ST HRA SR ) /24> Python pR%L

AR BHEUMTFE A Python #6458 C 2%, 2 IR . I3 SN MBUE B2 REAS IR (6 15 1 1AL PR
Do HTIX ey SRR IO DB, 15 275 W Y BT AIRA T R A
3.1.3 RgEmA

MR H AR AT Python JIAH RS %. LB SRR DIREE . Python fFRESIF A S EHILS
B AR #EATACH, (AN — i A — 5

PLinAT Python AR hE AR &L, ALRSANTE :

#define PY_SSIZE_T CLEAN
#include <Python.h>

int

main (int argc, char *argv([])

{
PyObject *pName, *pModule, *pFunc;
PyObject *pArgs, *pValue;
int i;

if (argc < 3) {
fprintf (stderr, "Usage: call pythonfile funcname [args]\n");
return 1;

}

Py_Initialize();
pName = PyUnicode_DecodeFSDefault (argv[1]);
/* B} 3% pName W 4ERAN */

pModule = PyImport_Import (pName) ;
Py_DECREF (pName) ;

if (pModule != NULL) {
pFunc = PyObject_GetAttrString(pModule, argv([2]);
/* pFunc & — N5 R +/

if (pFunc && PyCallable_Check (pFunc)) {
pArgs = PyTuple_New(argc - 3);
for (i = 0; 1 < argc - 3; ++i) {
pValue = PyLong FromLong(atoi (argv[i + 31));
if (!pvValue) {
Py_DECREF (pArgs) ;
Py_DECREF (pModule) ;
fprintf (stderr, "Cannot convert argument\n");
return 1;
}
/* XBMEBT pvalue 5 A : */
PyTuple_SetItem(pArgs, i, pValue);
}
pValue = PyObject_CallObject (pFunc, pArgs);
Py_DECREF (pArgs) ;
if (pvValue != NULL) {
printf ("Result of call: %1d\n", PyLong_AsLong (pValue));
Py_DECREF (pValue) ;
t

else {
(810
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(750
Py_DECREF (pFunc) ;
Py_DECREF (pModule) ;
PyErr_Print ();
fprintf (stderr, "Call failed\n");
return 1;

}
else {
if (PyErr_Occurred())
PyErr_Print ();
fprintf (stderr, "Cannot find function \"%s\"\n", argv[2]);
}
Py_XDECREF (pFunc) ;
Py_DECREF (pModule) ;
}
else {
PyErr_ Print ();
fprintf (stderr, "Failed to load \"%s\"\n", argv[1]);
return 1;
}
if (Py_FinalizeEx() < 0) {
return 120;
}

return 0;

J

RS SEAI argv 1] IN#K Python A, PR argv 2] FEEM KA. RETWBEBSEZ argv £141
AR, IR 2miF T 5 AR (AR R B ATHRATRE TP ARAE call) | IF I EIRAT—> Python i
A, i

def multiply(a,b):
print ("Will compute", a, "times", Db)
c =20
for i in range (0, a):
c=c+hb
return c

RIGE RN

$ call multiply multiply 3 2
Will compute 3 times 2
Result of call: 6

J

JUEHIN NGB =, AR AR PER, ERT U2 T Python F1 C Z IRt 440, DA S AR
EAE R, A Python AT BRHR 2> M ILTT U5 :

Py_Initialize();

pName = PyUnicode_DecodeFSDefault (argv[1]);
/* B % pName HEERARM +/
pModule = PyImport_Import (pName) ;

WAL fENTER 2 )5, P PyImport _Import () JNEKMIA., ILBIFETE E—4> Python FEAFER{E NS
iﬁ, TZ{%ﬁﬁfﬁ PyUnicode_DecodeFSDefault () %ﬁﬁﬁ?ﬁﬁﬁﬁﬂﬁ%ﬂé*@ﬁﬁﬂ@o

pFunc = PyObject_GetAttrString(pModule, argv([2]);
/* prunc Z—AHIHA */

if (pFunc && PyCallable_ Check (pFunc)) {

}
Py_XDECREF (pFunc) ;
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JEA— Em#EsE e, #i4H Pyobject_GetattrString () BRBIEGHR. WIRAFRAAE, It HIR[EH)Z
XS, RO 22 I B SR FEF ARSI, I E i S5 . RIEHAT
A H] Python pR%L:

[pValue = PyObject_CallObject (pFunc, pArgs); J

LK FORIFI , pvalue BAN NULL, ARSI BOR BMERG I . R 78 EREHGZT I -

3.1.4 3fix A\ Python ThEERITH &

FIHFTMIE, AR Python fEREZSIAARE VT A M HFEF A B 1Y TIBE . Python API il 4 itk AMRERS X
T W2, N AR B A M RS I TP . BARITI SR A 4%, (Hi
AR 2 KR . B IC 2 Y AFEY R8I T Python ffEReds . BN AT EEE—HTRY, RE5
— LKA LE Python D5 FiX 26+ F2 )7, k15405 -l ) Python § RERE fy—4E. fildn:

static int numargs=0;

/o REEAEFRAAREHRE +/
static PyObject™*
emb_numargs (PyObject *self, PyObject *args)
{
if (!PyArg_ParseTuple (args, ":numargs"))
return NULL;
return PyLong_FromLong (numargs) ;

i

static PyMethodDef emb_module_methods[] = {
{"numargs", emb_numargs, METH_VARARGS,
"Return the number of arguments received by the process."},
{NULL, NULL, 0, NULL}

bi

static struct PyModuleDef emb_module = {
.m_base = PyModuleDef HEAD_INIT,

.m_name = "emb",
.m_size = O,
.m_methods = emb_module_methods,

ti

static PyObject™*
PyInit_emb (void)
{
return PyModuleDef_ Init (&emb_module) ;

}

TEmain () BRECZ HIHEA LRI . IFFERH py_Initialize () ZHITHA PN FHISIEA]:

numargs = argc; J

PyImport_AppendInittab ("emb", &PylInit_emb);

XPATIUSHIEGAL T numargs 285, IR AKX Python MRS HT AT IA) emb . numargs () %L, iElidiX
Lo %, Python JHIANH] ATRAT AT #8415

import emb
print ("Number of arguments", emb.numargs())

TEFLSR Y AR, XA IARHE R ) APL 225545 Python 1] .
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3.1.5 7£ C++ thiir A Python

FETT DA Python A Cor BEFF 125 HHUIME, SSBLTSUI O T Coe REEMISIAIT : — AT
Crt B TRT, I Cre RIERRBFRIGERT . A0 Cr+ TR Python 454

3.1.6 £ Unix RFhymiFFosksE

T 5 Python fEREEHR AR RERF , KRB IEF A IFSRUL SR o (REERD) HIES 3, Ry
Python i BERHLE A C B e (. so 30ff) BIBXSEBRY .

N T ASEI PTG B g A BE AR S0, W IAAT pythonx. y-config JI4%, E/24E 2% Python AL i)
(AT REAFTE python3-config AR ). ZHAFILNSE, HA AT SHSHEAN:

e pythonX.Y-config —--cflags Ff44 H ISR IESEL.

$ /opt/bin/python3.11-config --cflags

-I/opt/include/python3.11 -I/opt/include/python3.11 -Wsign-compare

—-03 -Wall

—-DNDEBUG -g —-fwrapv.

pythonX.Y-config --1dflags 77embed4%?%{H%E%§%§Hﬁi§i%ﬂ@ﬁgﬁﬁ

.

$ /opt/bin/python3.1l1-config --ldflags --embed
-L/opt/lib/python3.11/config-3.11-x86_64-1linux—-gnu -L/opt/lib -lpython3.11 -lpthread -

—1dl -lutil -Im

O #ik

N T G Z A Python ZAE A G| AIRFL (R B2 AE R G L R AF H C iR A 2 [) . #UUH
pythonx.y-config AN I¥AR, A EBIFTIA.

WER ER Ty RANEMER CRAEPRIEXT T A Unix P G#AERG UGl bug M), #ifS MR kT
iﬁﬂﬁ%@%&ﬂ@j{fﬁ, ??Bﬁ%ifﬁnhon[%]Makefile (fﬁ sysconfig.get_makefile_ filename () iﬁ§ﬂﬁﬁ%£ﬁi
) M#iESE. XHf sysconfig BURS @G M TR, nHgF IR HEH AR HCE .

Hean

>>> import sysconfig

>>> sysconfig.get_config_var ('LIBS")
'-lpthread -1dl1 -lutil'
>>> sysconfig.get_config var ('LINKFORSHARED')

'-Xlinker -export-dynamic'
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APPENDIX A

RIEXFERE

interactive shell 1 ERIAAY Python $2/R4F . FEES WoR T RE AR B 7 SUFE AR REAs R U TR ARG AR S 2
il

HAAT & X
« interactive shell Hi AREFRICH I ERIARY Python $RURAT, FERIUAS GAEARIERI LIS IR, 77l
xR (BHES . . HESS=E5'5%) 2N, SRTERE MRS 25,

o ZRUE ARG

abstract base class -- i % &K%

R ELFEHR ABC, @Xfduck-typing PIFFE, BFEAE T —Fa GO ny#H =0, Mz T HARR T
BN hasattr () A TRMECHE MR (FIAEER AR TITE) . ABCHIA TR, XFp
B ek 5 HAh2E, HAMBRERL isinstance () fll issubclass () FFIATR]; 0L abe AR SCRY.
Python HiF1F% N & ABC H T Se RS54 (FE collections. abe ). £t ({F numbers
e L (FF 1o o) S AERIFAINEAR (FF importlib.abe BHH) . RATPAMH abc
BiHORAIE H ) ABC,

annotate function -- b1 %L

— AR ASR O R B A7 2 R BERR BT R . SRAIBREY __annotate  JEIERK
Vil o AREERREUR KA R 2 — T4

annotation -- Fxii:

KERBIHEA R KIEtE. REBUESEERIEENIARS, BEAEVER & 202 % R .
JeiRAR B ARTEAEB A TR AR U ), (HA AR & 2@ AN BRI AR vl 4 i AR . 28
@fﬁliﬁ])ﬂ annotationlib.get_annotations () ﬂéﬁg@o

2 Wvariable annotation, function annotation, PEP 484, PEP 526 £ PEP 649, H 3} B e 4T T4
k. 5332 1, annotations-howto T A A7 5 S

argument -- 5}

TEYH FH BR BN % 4 function (Bimethod ) WM{E. Sy APk

o RHEF A TR BOR I P RTRAFA R (B0 name=) BCEAEN W ETERTHAA ** K7
BRI 2BRIE, 3 H 5 ZEPARR complex O WA HHIJE T R FS4:

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})
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o EEAH AET RETFSHSE MESEOTH T 2800 RKIT 3k VAL S5 A 1l i
WA > Witerable BLATCRBEA . 28BIRAL, 3 71 5 FELA TR Hy @ T8 S 4

complex (3, 5)

complex (* (3, 5))

S LR B PP B A B, 7 SRR 2 L calls — 45 BRI, BTk
SR IR AR — B RO 2 OB XA R 2 Bt

7% Wparameter REFZLH , H W ZHGESHIX AL PEP 362,

asynchronous context manager -- 535 | N 3p8 7S
PR SR X _aenter_ () il _aexit_ () KR async with {4 P IFREEE TR .
1 PEP 492 5| A,

asynchronous generator -- 525 1 ik 7%
IR [BME K asynchronous generator iterator IREL. B 5 async def F XMWMERERFEML, AKIE
ZHETFBEAE vield FBXLUZE—RVIATE async for JHERHH FHIME.

BEARTEE 2 45 5 P A e s A, (BAERLEAG O ] BRI 4 79 £ M B AR E . WRGEEE
FIBEME L, PR G5

— R AR R BT RS await TR EH asyne for LI async with 5],

asynchronous generator iterator -- 5335 2 ik 2% %03
Hasynchronous generator FREE)ZRAIXTE .

BEXS R & T asynchronous iterator, i [l] __anext__ () Jr ik I 2R [l — AT SRR ORI T 5+
AR AR R R BUA BB R — > vield ik

A~ yield LIGKTEEAFEEAE, ICEPIPIRGS (BRI RMEERL wy 1548)) . 24 FF £ &
R AREEL _ anext_ () IR — TSR A BRI ), B2 BT E IR AL B
WFE. S PEP 492 fl PEP 525,

asynchronous iterable -- 5525 n] Gk %

—/NATPAFE asyne for A IRTS . MFEIT B _ aiter_ () JEaREl—Aasynchronous
iterator, F§ PEP 492 5| A,

asynchronous iterator -- 525 %03
AT _aiter () Ml _anext__ () FYEMIS. _anext__ () AAUEE—awaiable 3
%o async for XML RPIENIFN __anext () JEFTR B W] E AR EH B HG] & —4>

StopAsyncIteration 5pdF. H PEP 492 5| A,

attached thread state -- Fff JIZEREIR A
MY HT OS ARG R thread state.,

Y Bithread state 15, OS ZLAERF ATV 5E B Python C API B % A MMkl 717 i A RE e o

AR RO AR G, A5 S E B BN R ARSI DT AT C APT K-S By R slR E X
1. SRABIRAHT DA A i ad C AP B iAo B, thn] A a7 i e ko 25,
TEAEPHAE C R VTR AIA ) 22 18] 0 7T R Rl o

TERZ% Python A, BA M NSRRI T RE T B A A pT R REAR I GIL, TR AR 2R N %)
ARG ERRE T ARA M INEARRAS . A€ Python H 6 oy 2342 fRASH, A ] DAF Kbt
A MRS, I VT A REAS i FLE T AT 1

attribute -- &1
KRB —NXFRIE, WSS RIE LA PR . 250K 00, RS o A JEM: a W]
DA o.a G| HE .
GOSN SR, SRR E SR identifiers (Y AEAR IR R VE— XIS 00 @ PE 2 T LAY, Bl anfsE
setattr (). XFERYEMRFICIEM S-S 2R A0k Uim, M2l getattr O R,

awaitable -- WZEFENF 4
—ATE await IR P AMXS. WA coroutine S BA __await__ () HEMNS. S0
PEP 492,
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BDFL
CRBATZEMERET WTECHES, B Guido van Rossum, Python A1 #

binary file -- —_ kIS¢
file object e RS 5 W af %o RS B A A 3RS (b, twbt B ' rb+ ) $THF

B@j{ﬁ¥\ sys.stdin.buffer, sys.stdout.buffer‘QLZQio.BytesIOIﬁ]gzip.GzipFileE@gzﬁmo
T35 Wiext file T ARBEASTES str MR SCHXTS

borrowed reference -- f A 511
T£ Python ) C API 1, {5 5[ 25— 251, MHZN 2RI ARG XTI . anxt
SIS AN B A Tq . B, B3 s nT PARS BR AT S 1) i 5 — A strong reference
KEHBE.
HEXFAE borrowed reference L i py_INCREF () DAKFH R HLEE e Kystrong reference, [&AEE 41Z0 %
Ttk i A RO SR — B 2 PIBCRBE. y_Newmes O BT DABE 01— - srong

reference.,

bytes-like object -- 3= 15 U5k} 4
75 bufferobjects I H.iE S H C-contiguous ZEMEIX % . XIETA bytes. bytearray il array.
array X4, PARFZEI nemoryview M5 FAT BN R AIEL F " BERI SR RE P XL
PRAEOIEEGR . ORAF R R SO DA G I B e R A

LA BT AL R . XX QA SR P R S F AR, A ARG
GBI T 4% bytearray VA bytearray ) memoryview. HAb#RAEEOR — dE il Bl A v T A al
MG RBEFTRXR); MW RIH T35 bytes PAJ bytes MR memoryview,

bytecode -- = Yift)
Python JE A% 8% w3 A 7715, EJ CPython f s H 2% R Python F2 /7 NS . FAT gl &
GATAE cpyc U, XRESS TR PATIE SO R (W] DASR 2RI R R N S ) .
PP W EE S B TR T RS A TA B ALES S B virtual machine 2 .o {3 AR Python FE
MLER A —EEBH , WA—EREFEAF Python A 3%,

FATRHE 25 R ATE dis B SR Th AL

callable -- wJ & FI %} %t
A XSGR ] AP TR s BT 4, I RERTHY — B8 (B Wargumenr), i DAF i

[callable(argumentl, argument2, argumentN)

function, IRATY &R method %5, FRIET W IHAXN S LT __call () FEMEMLGIHE T
TN 5,

callback -- [n] i)
— MERNS B AL A DA PATE AR 18 HEA ) Z0 95 08 ) 1) - A2 pR 4

class -- &
RGP N i . 28 SCH B3 W% 2 0 SE B A T8 B 5 ¥ € o

class variable -- 2375
FEF e A&, I HAUSRAEZRZ G _EAB R (M @ AE S SL i Fh & ) .

closure variable -- [f] {28 &
51 A nested scope W free variable , "€ & AMNEAE A @ UM RTEZ AT B 42/ s P B a4 25 )
HHUS . FTRE(E ] nonlocal e i AN E L PASRIFBE AVIIA, B8 iR AR S AU O H 75
AHE Lo
B, FEPA RS inner BRI, x flprint WH A G LT, HRAxET AT E:

def outer():
x =0
def inner():
nonlocal x
x += 1
print (x)

return inner
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HI T codeobject.co_freevars JEMEMATE (RAAFRMILL, (EHALCFEM QA& A FRIMEES]
P8 ) A g i), S — AL R free variable 47 INTERMEARTE 2 L 15 P AL kv th e i
A

complex number -- £ %}
XA SR G T, o A B R SRR AN R A . SRRSO ERCR AL (1
(FITRR) (RSl SEHAERE RS h 1, fE TR RE Y 3. Python P T XM RN 24, R
I TARFARMC TR EEHA—A 5 58, B0 3+15. WURTFEE nath B YT 0% 58 Ui
A, WM cmath, SERIE S A S P BEERE . WERVRBGE IR W2, ZESEATHIL
FARSHATAT

context -- |- F 3¢
WA TEAR I e 5 S A0 8 ) 7 AN [l T B A AN 5 S —2838 LR & SR

o JHId with {BA]H— " context manager P E IR AL EIRES .
o — EBLFNEFE contextvars. Context XA I contextvar XK R EAE. 5

52 W context variable
e —/™ contextvars.Context %% . S Wcurrent context.,

context management protocol -- |- F SC4F BB Y
__enter_ () Ml _exit () HEERFH wich BRI . 20 PEP 343,

context manager -- |- [ 305 AZS
—/NSEE T context management protocol I HTAEHIHEAS with IBANIFREERIXN S . S 1L PEP 343,

context variable -- | F 3035 &
Q/I\E_{ZIK{EEXH%ZFI]EE/I\L"F jCzEE[CH”’en[ context EI/\J/E%O ﬁ%{ﬁ%@ﬁ contextvars.ContextVar

XERAKVGIAY o _E T SRR U K B B S S AT 55 Z TR AR

contiguous -- ZE5%¢
—MNGEMANE C & 4B Fortran & S S WOA R ESN . F4Eg: 0 /& C Fl Fortran JELL1) . 7E—
A, Prfd 5 B O WA A SUAH SR HES ], RN IF IR R 0y . 2 4E C-iE
SRR, 44 AR HES B B e RS A 4% B R et . (R FE Fortran 142520 b
M s — AR5 meth.

coroutine -- PhFE
R TR — e . FOIRE AT DAFE SR — S AR D — sSGR o PRI AT AHE 1 2 AN [ 1)
MEFEAL BEFKE . EATT#EE async def iEAESLH . 0L PEP 492,

coroutine function -- BpFEpFEL
IR Bl —A~coroutine WG KA PR IEIL async def IHAIRE X, HAIREL S await, async
for fl async with K. XLFHEEH PEP 492 5] A1,

CPython
Python Zi 215 F HFITE LI, FE python.org &7 . "CPython” — i FH T 7E LA B I RF b S 3 -5 HoAh
SEFEIAN Jython BY, IronPython #H X 4l

current context -- i I+ F 3¢
TE 4 mi gl contextvar X2 K5 GREGE R E) £ T X% 5 B{H Pcontext (contextvars.
Context X)), HANLBEAALAEHCHWHUT L. HTHITRP S (B30 asyncio) 1
E LR AR A M 55 T A B P T B AT 55 BRI — AN R 24 1 R SCy BR3¢

cyclic isolate -- J§EAFR S
FEAGIREA T FH, HhaE— NS Z AR S B I EA 850 H AN X 5 05 |
Mo VBIRIZIE =D () B AR R iR X S8 2 TS | R AEER DA [RDISORE 12 1 N AT

decorator -- 2E4ig%
IR EME A 5 — A SR R, B H M ewrapper VAR T eREE e . BEMRAR I DL 19160

$%5 classmethod () #ll staticmethod (),

AR R —FEIRRE, DU P eR B0 ST SR Se 45
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-
def f (arg):
f = staticmethod (f)

@staticmethod
def f (arg):

Eﬁ%%ﬁ&ﬁ%?%,@ﬁﬁ%&ﬁﬁﬁ%oﬁ%%%ﬁ%ﬁ%ﬂ%ﬂ&ﬁilﬁ%%%%i
descriptor -- {{{iiA%3

fEEL T _get__ (), _set__() B _delete__ () FYEMXIS. SB—PRBEM RGN, ©

HIRFIRGS EAT I S TE B AR R A il & . SO, (EH ab RIRW. B SR —A @ e

DT a KT HAPERATN b ATE, BAIR 02— DAL, WX kg k.

R AR AR S R VR 2 I FL M Python [P 504, M @1F 2 S BURr MR SR, AAEREL. ik,

FREJEYE. Fh. BSR4 % .

B EFIRLR T ER 25 K., 752 5 descriptors ¥, {25 (58 F 574

dictionary -- it
—ANKRIRAEH, HP R R B B . T DURAEMIRA __hash O Rl _eq O K
YEMIRTSE . FE Perl H#5A hash,

dictionary comprehension -- “y2HiLHfi: 55,
AP R R T B e E IR IS R I — PR 5. results = {n: n **
2 for n in range (10) } RRAEM—AHEE n FIE 0+ 2 BB Y T8 . 2 I comprehensions

dictionary view -- T L[]
M dict.keys (), dict.values () fll dict.items () J&[EIXFRAHRAFIALE . BT F i
ZHM—EERE, X EWRE LTSRS, RS AR MO . B U PR i A4 R EUE
A3, Bl list (dictview) . Z:N dict-views,

docstring -- LR A
YERZ . REEE 2 WIS — D RB R I AR R . BRI T i 9 20mg, (H
D IRIFAR IR A AR . B __doc__ @M. T EHTRIEBHNE, HitE
FEO G ) SURS A R

duck-typing -- %~
FR—Fhgm e XU, B AREE A HON R IR R & o2 5 HAT IR R4 11, T2 B R0 FH Bl
IrEs R (“REREN T, niR BT, ISAE EMEN 1) hF Ry nm AR e 2,
Wit AR A aT i A 2 B AR T R iG . M2 ] type () B{ isinstance ()
%Wo (HZE BN 20 DT Y A4h 208 % AERANTE. ) MRS R A hasattr () Kzl /@ EAFP
it

dunder
XK K12k double underscore” FJAEIERTATFR, FEIR Mespecial method WHAF . HlA, __init__ &M
S2/Edunder init”,

EAFP
CSRIEW RIS YRS o X Python & F A5 4 5 XU 2 (B € FIrs 1) S sl PR AP AE
FFAE AR E B BRI AR S0 o X ATyt PR WS 45 U@ K IZ ] oy Fl except 18] T HATRT
FI 2 FTIELBYL A%, # LT C S5 2 HAEF

evaluate function -- 3R {fi BRI
gﬁgﬁﬁm%ﬁﬁ%ﬁﬁ%%%ﬁ*ﬁ%@ﬁﬁ*ﬁ%@ﬁ,%Wﬁﬁtwe%ﬁﬂﬁmﬁﬂ%
HME .

expression -- ik,
AR MBI BRI OT. Bmihv, — RIS Rk e R m . A, BT,
AR PR, EATREE SR E—ME. S HAMEST AR, HHEa ST a4
reRhA . FTEAR R IV EFRIA K W statement, U1 while, TR )E THEAMIERIAAK.
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extension module -- § JE itk
DA C s, Cor 45HOBEE, (T Python ) C APL R i35 Bos DI PR FAE 2 1

f-string -- f-2 45 H8

f-strings -- f- 5
WA £ P AR AT A R A - A AR ) A AT R F IR S . 7S
PEP 498,

file object -- 3L %
AN TFIH ) SCH) APL (A read () B write () Z6¥%) DA FERIEMIRTSR . AR H A2
TN, SO G RT AR B B ST 8 S0 . Hoh 2B (A7t sl A5 e s 1o ) (5 s o
Nt WEZMIX, BE:7. FilE%). SUPNRWERN 2 28 A,

SERp b =B SCEERT G JE G =2 ) SO, SR — i ) U PASCUR S BT E
SCIAE Lo B, QIE SIS S IE T R open () BREL.
file-like object -- 3L} 5t
file object 1 [E] XiR] .
filesystem encoding and error handler -- 3 RS 4% X, 5 HV IR ALBI 2
Python JI R M HRAE ZR GEMS 71 E M 1) 481 R Gt 4 i Unicode 1) 4 i 305 A IR AL PR -

S R G AR AR A A ARAIE RE AU AR RS BEAE 128 DA Ed . QAR S R G gmt s =X o
VARAE I ARE, W API BREFTBE£2 5| & UnicodeError,

sys.getfilesystemencoding () %l] sys.getfilesystemencodeerrors () @é&ﬂ%ﬁﬂ%;ﬁ%ﬁxj&
R G I S AR A R .

filesystem encoding and error handler J24F Python J2 8 i# 1 PyConfig_Read () BRFCRELEN: HS
5% PyConfig {0} filesystem_encoding vl filesystem_errors &l

g2 Wlocale encoding,

finder -- #x k23
— Pl E R R AR T loader XS .
MM RB AR Tk EERE WA sys.meta_path ], UM% 0 &R E WA
sys.path_hooks {?'EFH o

%5 finders-and-loaders F] importlib DA T T L4077,

floor division -- [it] | I35 i:
] T A BT R B B bRk . ) FBUBEBRE s AT /7 o B, #ikxX 11 /7 a it
HEERIE 2, M5 Z MR BRFE R EIERERE] 2,75 o 13 (-11) /7 4 2R -3 B2
-2.75 B T A4 . L PEP 238

free threading -- |4 2%
—FRERFRARTY , FEA]— MRS N 2 A AE 1] DAR B2 4T Python F5hY . 5 AN )& global
interpreter lock, TE[R)—fZ| R RF— LA H T Python #3515, 2, PEP 703,

free variable -- [ 125 H:
FEEXTE N, WiEFPITERTE Y, B RS R R a4 2= [ rh g R & Tz 4
23 [a] ) SR AL AR S B . 2 Wlclosure variable WHFEG] . FESSPRV Y, BT codeobject.
co_freevars BRI S, ZARTEE BHEHE A VEclosure variable 115 ] o

function -- pR%L
AT LA U 2 R [ BB — 2B A o 38 A] RATA) AR A A B2 24 IR BRI Tl A
Y5 Wparameter, method i1 function 2577,

function annotation -- FRZkRT:
RPEF X} pR O 2 8GR [HE A annotation

PREPRE I TR 20387 - BIAnPA R BB 2 int ZHOFHHLRIE—4 int {H:

def sum_two_numbers(a: int, b: int) —-> int:
return a + b
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BRI RO Y TR ) AR UL function —7 .
Z: W variable annotation 1 PEP 484, H ik T I DIEE. 512 4 annotations-howto PA T fif i F b5
R dc SRk

_ future__
future 1E47), from __future__ import <feature> F§/NIiFasd T RHAE A S Python & i i HF i,
AR TEE RIS ORI G B . future  AHCSCRYICSE TR RERY feature BUE. LA
WL X A BORME, ARAT AR B BURTRRMEAE M RO AZIZIE S AR ESR (B8E) 78
(ELEYSWIENT

>>> import _ future_

>>> _ future_ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

garbage collection -- L ¥zl
TR TN P8 B FH Y P9 A7 22 [B] Y 1 A o Python Jgai a5 VT 80RT— > BERS AR I AN T BB ER 5 | A 07
IRBIR IS S A TR I ) . AT RAE ] oo Aok das il IR [l i 2 .

generator -- 7L %23
W [H]—Agenerator iterator W RREL. BREERBGEEHRE, AESTETHAE vield FKEAAE
P R INE RS for-IEFME I BUR T next O RREIE—FREL.
T R4 AR, (ARSI O T AT RE R T £ R B R R E . WERTFEIE R RIKEARE S, 1
i I A PR AR L BE S

generator iterator -- 7} 25 %0 2%
generator PRELIT AR S o

A yield 2UGIEIFEILERE, ICAPITIRS (AR RTEEMERN vy 154]) . M £ R &%
REMIZIS, ELMNEIFOLEIREEIAT (IR T5 UGS IS MBI T 46 1435168 R ) -

generator expression -- 2k B35 #6535 A,
Wk [E|—Aiterator [expression. B RLAKARGE B RXASGH A E LT —MEH LR, JWHEIY for T
A, PAR—ATNER) 1 T4, AR ARSI INZE REE S — R IIME:

>>> sum(i*i for i in range (10)) # FH{E 0, 1, 4, ... 81 ZFfn
285

generic function -- {7 % pA %
SRS TR 2 B S BAH [ B4R 1 221 bR BNV 2 01 R . 1 Bl 2 080 36 She it o 17 2% (1 P WA
eS8
Y52 Wsingle dispatch R1EFES<H . functools.singledispatch () Hifigs A & PEP 443,

generic type -- {Z %
A pe; BHEON 1ist of dict XFERY Heed. AT R 2R T fLEAt,
WL S Z R4 2% . PEP 483, PEP 484, PEP 585 il typing Al

GIL
2 Iglobal interpreter lock .

global interpreter lock -- 4 )5 i BE2% i
CPython ffRESR TR I ) —FBLa], B O E — i 2] O — N EARAE AT Python byrecode. ML
WA REN G (FF dict SFEEPNERA) X R VTII R F kT CPython SEHE.
SRR BTSRRI T, AU W HE THE 2 AL BREs BRI FFATHE .
ARad, JE LR R B =y PR T R BT A AT T O B BT 45 T He 4 B A BRI
GIL. It4h, TEdhAT VO #HAER 2 2B GIL.
1 Python 3.13 11, GIL AJAfHA] ——disable-gil #AEHC B HEMUREE AT . FE4EH LT 478 Python
ZJa, AT -x gi1=0 BEE PYTHON GTL=0 MliAL 5 J5ia 7. WARMRRE A 2 LAE R
TP PSR T iR s il J] 2 4% CPU B4 S . %7 iRiENs . 155317 PEP 703,
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TEZ WA Python's C APL i, —NRECTRES AW B 27 GIL A BER N . XK AA

—A~attached thread state,

hash-based pyc -- K W75 pyc
651 P 6T 7 YR ST 1 W A L T I i i 18 R T R i a2 A RO ) S S R A S S L pye-

invalidation,

hashable -- n] W57y
— R GAR AL N A BB G A (EFRZEA __hash O HIE), IR AR
MGHFTHER (EREH _ea () J5ik) BERFRN "TobA X5 . WG A5 X G 5 H AT A A e 7
{H USSR A 2 AH 5

TG A PR X SRR P SR AR B A BT, PR DAk S B A A PRS0 s A fE

KZ % Python HH N FTAS PN B X R ER 2 T A Y ATARZS A% (Blans) k7 dh) ARG S: A
AlARZR R (BN TC4LA frozenset) (4 BEMIKICEI NI ARSI . P2 S5
MG BRI TR AR . BN E—E A ME (BRAERS O ER), BN Er A e
FTEMW 1id0 .

IDLE
Python F4RISTT & 527 ) B . idle J2& Python FifE B A7 AT A4 B AR G5 S0 AL AR RE AR PR35 o

immortal -- jic 2 % %
KA ZZAE PEP 683 15| Ay CPython SEILATY.

AR RIBTRAERXR, WEWreference count FGRALHAEN, NI ELEMREARZ AT EKIZA
KPP BC. BIAN, True F None fE CPython FH#JE Tk AR .

KAEXT R AT sys._is_immortal (), Biifid C API 1) PyUnstable_IsImmortal () FFniH.

immutable -- f~A[ZE %} 42
HAEEEAA S . AR FAFERAICH. XA RAGEORAS . AR i
;/I\KWEWE’ MDA EHIRT S . EATHERR 2 B A Er o i g EEER, flanfE Rl
A

import path -- S A J8 %%
MEZMUE (B2 45 R ) HBWSIR, SPBRpath based finder FRAER A B, TEFAR,
WAL E S FRIEHE R H sys.path, [HINREERGABFTEERH FREM __path  JEH.

importing -- St A
A ) Python AU EE A 75— S Python AUAS T 6 AL 7

importer -- 5 A %3
BRIFMBBIRRI R SR BEJE T finder XUg T loader .

interactive -- A3 If.
Python 47 7 — a2 B AUERERS , X BWE VR ] ATERPREER AR AT 5 S AR A ERIA =X, S RIS
BRHGR. AFAESHMES) python Ard (1] DAFEARAGTH AL 32 32 B rfr g A0 B 3 BT ) o
TEMHANE B A B R AR E 78 (GOME help (x) BREL) . A R EBX LR,

2= I}, tut-interac,

interpreted -- fi@ Y
Python —@FfEREAUE T, S RMIFIIET , BAME D H T 4R AAAE T
AR . X MO TR SR T DAE RS TR M @ v AT S T . REALE E
A g 85 5 A 0 I R, (R KRR P A A2 TS 8 . & Winteractive,,

interpreter shutdown -- fiEREES M
TR KPR, Python fRRERSRIHEA— MRS T I B BAP BRI A © A B9 UR , Bl Al
B EENTREE S BRSZ WA e % Xa % P e s e 555 | EE g £t
HPAT . FERAN BT RIS T RE BB A s, BRI RO SR A TR R (5 W5l
TA R S5 )

FRREAR T ZE RPN 2R N __main_ BOREIE AT A 58 AT -

iterable -- W[ X} 4t
— BB AR [ R AT 5 . ATER XTGBT 5 A P P28 (U 1ist, str fll tuple
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55) PARKELEARF SRR dice, ST AT 5 PARARATE LT __iter () JVABSEIL T sequence if
A __getitem__ () JIIAHY HE LRATRISR .

R R AT T for MRFRA L2 HARTE —DIF SIS (zip O, map (), ...)e 24— 1[Ik
HRXZAEASEAE LR N E R iter O B, BELREZAZMEAL . X IEALE T TXHE
BB — M Iy o A AR AR, AREH A TR iter 0 B3 H O ABIE IS
for i) 2x H BN VR BB LEAR AT, A — AN I Y R o 44 22 B ORTEDR R0 ) SRAF A s . 2

Witerator, sequence Flgenerator ,

iterator -- 0%
FRFR—IER AR AT S . BRI HERERN _next__ () H¥E (BORFHAZ L N E RS next ()
FEBA R B I 2495 s T B PR 5| & stopIteration 5. X B EACAX S H
PIEARIC AR, I __next_ () FEHLXFKRTGIK stopIteration, AL EA
_diter () WEHPRREBNZERSNZ A S, FItERER0E maS T EAXTS, g H T HALRT
ERXRIEHN I E . — A EEFIINESILE 2 2 R B BRI A, 252X 5 ()
A 1ist) FEARBRRFFHAZ A iter () BEEUETE for THIA I ER S 7 AR — B kAR . ik
TELLIE DL RS20 A28 W 2R [ HE 2 kAR AR e R 1 IRl — ik R x &, TR Rk

B R —NEHA.
25 B A A typeiter,

CPython A7 3R il HEATIE AR E L __iter () WK, BEERERRZ A £ CPython H A LRIIE
AR R AR A

key function -- & pR %}
PR PR R R, 2 RENS IR M T HE s HEL AR T XS 4. B, locale.strxfrm()
A T A B A I HE Y 298 i HE 4

Python "G ¥ 2 T A #f su 1 M B ek R = Hl oo R 9 HEAL 84 4 7 e H P 238 nin0),
max (), sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg.nlargest () [/)L&
itertools.groupby () .

A Z R0y AT AN — KA. BN, str.lower () Jy kAT DA A 2008 RN HE 1) B R AR
ﬁ%, %E{?ﬁﬂﬂﬁﬁ lambda %%ﬁit}{é@ﬁ@ﬁﬂﬁﬂ lambda r: (r[0], r[2]), Jﬂjﬂ\, operator.
attrgetter (), operator.itemgetter () il operator.methodcaller () %ﬁ%@é&ﬂ‘]i/\’f@iﬁ%o

THER HFHET RPN 6 e £ s 1

keyword argument -- Yo gt 5 5
Z: Wargument ,

lambda
B — A~ Bk expression 15 B 24 PNICREN, ik s AE W BIERAE . A7 lambda pREL F)VE N

lambda [parameters]: expression

LBYL
EERIEBER” RIS . XA S RS SAEREA TR s 2w e A A iR A
BERAME 5 EAFP J7 XAG O L, RO KRR 12 T84

L LRI, LBYL TN S 8 “AR” Ml “BR” Z RS Mg, pilan, AR
if key in mapping: return mappinglkey] AIBEHI TYEARE#RIEZ J5 HAMLARI mapping H7%
BT key T4 . RN AT RT SE B 66 1) EAFP J7 2R bk o

lexical analyzer -- i) 75: 53 b7 2%
2R BIEASIR; S Wioken.

list -- %1%
— i Python [N #sequence. EIRZ RHIFR, (BB HERLT HAGE T hoogkdmIpsE=R, Fhvimoc
EIWEHEE 2250 0(1).

list comprehension -- 51| i 55X
b B — A7 B B BT B A3 JC IR M 45 R G R ) — PR B H k. result = ['{:404x}".
format (x) for x in range (256) if x % 2 == 0] ¥FA—A 0 F| 255 L N H 7~ E
%Xﬁ&?ﬁ“% (0x..) ByFIFE. H ir FAZATIER, WIREEN range (256) FHYITE TLEARS
AL B .
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loader -- I# 25
TN AR N5 . B8 X exec_module () fll create_module () i PASEPL Loader #
Mo n#Eas s B — " finder 12181, F37E S :

« finders-and-loaders

e importlib.abc.Loader

« PEP 302

locale encoding -- i 7% X IS 2
£ Unix I, ‘B2 LC_CTYPE &5 XKW 4450, Br PLE T locale.setlocale (locale.
LC_CTYPE, new_locale) FiXH.

ZE Windows [, B42 ANSI fLEETT (40: "cp1252™),

7E Android 11 VxWorks |+, Python ffi fij "ut £-8" VE Rl = KA igs = .
locale.getencoding () AP IARARIUE F K i 3.

5% 2 [Fl filesystem encoding and error handler

magic method -- AR J5 7k
special method W3EIE = [F] .

mapping -- W4t
- ﬂj :‘E 5[%“: H: ,J%T ﬁ% 7 EBZ 9-JF ; W T collections.abc.Mapping Ej collections.abc.
MutableMapping %%%%%ﬂlﬁﬁ{iﬁ/ﬂgﬁﬁ‘%o ﬁt%’éﬁ%%ﬁﬂ?@% dict, collections.

defaultdict, collections.OrderedDict [/j\& collections.Counter,

meta path finder -- JCIR T TR ES
sys.meta_path E"J}%%%J‘BE EI/\Jﬁndero ﬁ%ﬁéﬁﬁi%&%ﬂam entry finders ﬁﬁ%ﬁ%1ﬁ%$*ﬁ [ .

TEAYFE importlib.abc.MetaPathFinder | fRJCIEAEETRAS T sm ryE.

metaclass -- JGJR
—MH TR, JoE LAERY . RPMAERY R, oRnTE2 LR =S HOH A EM
M2 . KERA T R AT iR s AR PR — DN ERIASE L . Python [¥4R5 2 AMTET W A H &
NIt KR PUKIEATT BaxX A T H, (H4 TR IR, o] $R 48w K fufE v i v .
EMesHTicEErim HE ., gL e, REXT a0, satme], UM
T 13152 I, metaclasses.

method -- Jjik
TEA N E SR PREL . WA AR L — N @ MR, VR 2RI % Ay HL B —

Aargument GBE 4N self). S0 function Mnested scope.

method resolution order -- J5 /@ Pl )
T AR G S5 A2 A A 4R i 1 B R R IR T . 5 25 python_2.3_mro T fEH 2.3 &1 HUE
Python R4 BT 8 F A IR 1R

module -- itk
X5 2 Python MRS —FPH L BN o A BIEA M A a4 25 (0], PIALAE & Python X5, 1
YenT it importing HA/ERE N#E] Python
75 Wpackage

module spec -- Bibu %
— Mg E, Hi & H T s S AFE . /& importlib.machinery.ModuleSpec
5L

%1% 2/ module-specs.
MRO
2 Wmethod resolution order

mutable -- n[ 2%} %
ARSI R T ATEEL 10 O PRFFREE I OL T e HEUYE . 7335 Wimmutable .,
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named tuple -- H.# 5040
AR “HAATCH” AT TR 4k 5 ocd, I B e] &5 [ JE b Re il A FRIE R Uy by i) 2 8L
B AR R E A AT RE A AR
HENERBMETHLICH, 645 tine.localtime () Ml os.stat () FJIR[EME. H—PHT2

sys.float_info:

>>> sys.float_info[1] # & 5|
1024

>>> sys.float_info.max_exp # 4 F By
1024

>>> isinstance(sys.float_info, tuple) # f;? f‘ ﬁ:fﬂ
True

HERZTTH RN E R (Ihan Bmsl 1) o sk, B4 oo vl 5 A e U tuple 4k
HRH 5 SRR AR B ORI . X AT Lo s, BUE WA DAl 48K typing.
NamedTuple, ﬂ%ﬁﬂﬂlf@éﬂl collections.namedtuple () ﬂéﬁﬂ@o E*ﬂ'ﬁiﬁﬂi%{)ﬁﬁﬂ#%
T Lo E Bl N B B2 ST A A 5

namespace -- fiy 443 0]
WAL AR BT . A S0 A RS RMNER, AR mREmaSh ()l
HBZW) . s Iﬂpdfﬁiﬁﬁﬁ(qﬂk%fi?ﬂ%ﬂ%% Bi4n, K%L builtins.open 4 os.open()
Al IE A E A2 2 (BR X ) o i 45 2 [R]85 2k B A TR A ke S B A bR BSOR S B 3 v T 2P N
AT ZEP . U, random.seed () B{ itertools.islice () IXFE VLA T X LR EGEH random
5 itertools B BISLENEY

namespace package -- iy %23 [i]42
— M TR AR BIpackage s A4 23 [BIEL W] AR SEAR TR, BART 58t A R T regular
package P EATEA _init__.py jdﬁF

fiir 44 23 [ Fe e LA AT R 2238 A A SRR A0 . TR A OL T, WIS H regular package .
ETREZ{E L, 755 PEP 420 i reference-namespace-package .
HA[ £ Wmodule,

nested scope -- iR £ 1
TE—AE U NG TSRS, B, HE5— Rz e R R BT AG | RTE AL & . 5T
B ENE A EATS A MR TRAE TC A . SRl As R s 5032 BT e N 2 VR . 2R,
éFJ CEIEE NE R T2 R4 2S00 . it nonlocal FHEFT] FLIFE AINZE .

new-style class -- JA R
X H HE A T A B0 R 2B W IEFRE . 51 Python fitAs /\ﬁ%‘)fﬁ REfE 1
gzggon gimﬁifﬁﬁ, W __slots__. F§iRES. HHEJEME. __getattribute (). K IEFIE:
ANy \]ﬁk o

object -- Xf %
AT EARS (BYESUE) AT AT () B9EdE. object t 2T ilnew-style class 15 T
EHE .

optimized scope -- C AL TEH] 1
AR G 15 P A PR 2 S0 43 NI L BR SRy AR A8 B A4 PR AR FH I, X AR X S 4 R S A T
fbo EEXFRREL. A pidn. PhRR. HESEURIA iR B R 44 A3 (AR X A 1 AU T ek
R KRR LR S T A 1R A, R IRLE A T i SR A Jm il A e
FIEAE AR T LA i F 3k

package -- {1
— A A A TR B T ML B & TR Python module, MIEAR LG, WEHA _ path  JEHEN
Python A5k,

%52 W regular package Flnamespace package.

parameter -- JE 5
function (BI7YE) & SCHfd LK, BIE R A2 —argument (BTERLERFIN, £
NEZ) ., ALMES:
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« positional-or-keyword : (I EB R T, HHE—NATDMER 1L H 220 AR DA X 525 S
BAMES . XREGARIES R, GIITTR T foo F bar:

{def func (foo, bar=None): ... ]

« positional-only: {USROCE, F8E—HAEHL A EE ARNSE (WRMEIES il ek BoE
MRS ER A ENZ T A 7 FAPRE X, BIARTET posonly! FI posonly2:

[def func (posonlyl, posonly2, /, positional_or_keyword): ... J

o keyword-only: {{FRKEET:, FHE— D HEBHE KEEFEARNSE. (URXEFIES @S
PREE LTE S8 Feh & AW A B S ETE 2 DA E T S 2 Jiit—1 * 2B X,
BIUNTT Y kw_onlyl 1 kw_only2:

[def func (arg, *, kw_onlyl, kw_only2): ... }

« var-positional: WAZ{IE, 55 W] ARt — MEBER B AL E S E R 7S (At
WSOEZNESHZIG). XMESLELTEESZAFRENE  RE L, BT m args:

[def func (*args, **kwargs): ... }

« var-keyword: WAZ KGR, $55E A MRIUEE AR I KT SR (e HAIE S E R KX
BYSHLIG). RFIESAEEEIESAMETINGR ~ 23, BIAERER kwargs.

e nl DA 45 E PTEMIAE SN, tha] DA R al e SR e BRI -

%%ﬂargumem 7&1%%%% E N 72‘?&5}[272‘5@ E%U*E’Jf%ﬂ I\Iﬂ%ﬂ\ inspect.Parameter %’é\ function
—3 A S PEP 362,

path entry -- J A 1
import path FE—ASEMALE, SWipath based finder [ B IRTL S A RIS

path entry finder -- ¥1% A LI FEEE 2%
F—n] X2 sys.path_hooks (Bllpath entry hook) 3 [W] () finder, HAP*I4 eI path entry
e R .
i5% importlib.abc.PathEntryFinder DA T fRIEGFEA L& AR I sL LR 45 v

path entry hook -- #&4% A 11%)T
— PRI G, AR HE A AR E path entry WL OL T REBE G sys.path_hooks
BN 23R [8l—path entry finder

path based finder -- 3% T #1200 75k 5%
BRI B L (2 P, AIAE— import parh AR AL

path-like object -- J5 12k} 4
KB RGEHERIN G BRI R A — D FRIRHEER str B bytes X4, &
PAg— ST os.PathLike WMUIYXIG . —A3CHF os.PathLike PMUPXT R AE LTI os.
fspath () @f&iﬁ}ﬁ%ﬂy str ﬁ% bytes %ﬂﬂ@j{f@fééﬁﬂ%ﬁé7 os.fsdecode () %I] os.fsencode ()
IR BIREH IR SRS str 8 bytes RBUMEEIR . X5 2 H PEP 519 5] A,

PEP
“Python #5RFE” I UHHE . —A> PEP jilg— it S0k, HIokm) Python #hFRMHE(EE., Bifl
iR~ Python {135 s S Ht B s BR8E . PEP B 2445 AHAR 1 14 5 A UAR 11T B I8 ek ) S B 43
i
PEP W AE A5 ) F- OB Rr s IS R A DGR o ) R B At DA B A b 25U AN Python (350 23
5 ORI EIENLE . PEP BVEE A SUEAEAT DX FREE S 3, RS [ 3 A e A SRy

%10, PEP 1,

portion -- ¥4y
FA R — A 44 25 ) BRAS B SR N SO A (W TR T —A> zip ST ), BkE UL PEP
420,
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positional argument -- {3/ % £ %
Z: Wargument,

provisional API -- £{5¢ API
B AP 248 BHERTEARME R 10) 5 3 A HE AR IE 2 A B F e 1. BRI Ml oA
P ERUE, (HRZEHYARMC N E, W] BETEA% DI 1 A W B G O T 67 ) e Al
R (HREEBRIZED ). WAESOFA SR IET - UE APTYINA Z Bl R 5 B3 1 ™
TSR R A BT A W] BB 2 XA -

IR E APTRUL, [ 5 AARAER BB S “ e a BT 587 —— A ) AR A I
HhE RIAT R S SR B — b i) J A A A T 5

X BRAL PSR ARV RS AT HE . R 2T WA K PR T SRE BT IR . 1% I PEP
411,

provisional package -- 7 1,
Z: W provisional API

Python 3000
Python 3.x T FFEIIIERR (X2 FAEMA 3 R TR EE T st T 3 T ) A itk
/_% ﬂ‘j LLPy3k37 .

Pythonic

TR B — B AU SR B84 1 Python 15 5 I A KU FIEILE TS e (1 At 8 v i
AR SR SE AU . Bildn, Python B T KUK S (1] £ox TERIARER A ikt 17—~ Rl & AR 5 i) Bl
AR WEHAE T BAXAER S, LA Python YA I s — U7 T R

for i in range(len(food)):
print (food[i])

TR I Y B 575 B Pythonic (7 52 X FERY:

for piece in food:
print (piece)

qualified name -- [{ & %
—APASS R AR, R MBI 4 SR VR B A b SO AN S IRBE A i
77, MKE UL PEP 3155, X THcm 2Bz, e S gan—E

e 2
>>> class C:

class D:
def meth(self):
pass

>>> C.__ _qualname_

ICI

>>> C.D.__qualname_
V"€,DY

>>> C.D.meth. qualname
'C.D.meth'’

Y TS A, TS IR & AR BRI LSS PR B B A, Hh & H A
ﬁ@f@, ﬁMﬁﬂemail.mime.text:

>>> import email.mime.text
>>> email.mime.text._ name

'email.mime.text'

reference count -- 5| Ji 1%
RN RTIHECE . A— DRGSR, Reokiimmortal Xt
SEGKEAHAE 5 T, I AT SR IEA 2R, 51 70 Python (A Hi5 K 15
W RATILR), HERCPython LI —A XA ITTER .. FR/F A AT sys.getrefcount () B
BORR IR E X Z 5| HTT4L
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FECPython W, 51 VRO ERE BT s SCAYMEL: XS A495 | I DA SOZ 82 Python AURS 52 R
W73, ATRES AN [T AT iy 22 57«

regular package -- % ML fL
e M ipackage, BIMMELEHR —4 _init__.py HFRTHR.

%2 [ namespace package.

REPL
“EERL-R{E-FTE1E3A” read-eval-print loop 4R S, interactive fERERS shell 55— N4 .

__slots__
— P ELESS TR B, A TS R RH S I SR R T R R SR 1 LR AT IAE . BRI TG
RFAT, BRI ALS), B HRETEDEIE I TR, BIAMRFE NN T,
HHE A5 KL

sequence -- J3: 51|
—Fiterable, T SCRFAIT __getitem_ () FRIRTVERME AR RS | I TR TR I, e X
T—AREVPIKER __1en_ () k. WEFFIEELE 1ist, str, tuple fil bytes &, HHHE
BAR dict HFHF _ getitem () Al __len_ (), {HEMAI WS AEFS, H e L
1 hashable ST A 2 FEBOR AR ITE .

collections.abc.Sequence IR B R EN T —1TEEEWRE DO, BFE __getitem__ ()

_len__ () Z&f\, ﬂj{?ﬁj][]T count (), index (), _ contains__ () ﬂ:‘l] __reversed_ (), ;Qﬂ_'b]ﬂj
Tf%fﬁﬂﬁ@%’éﬂﬂ%fﬁﬂﬂ register () KR . gyﬁﬁiﬁ?&ﬁ)ﬂ?ﬁ”ﬁ%ﬂ@ﬁgiiﬁa e
Ive] 38 1 P AR

set comprehension -- 555
AL — AT IEACKT R R A B e R IR M g5 SR AR G ) —FP B E B, results = {c for c

in 'abracadabra' if ¢ not in 'abc'} 3{%&}&?%&:$%{5\ {'r', 'd'}, 72<J]_L|, comprehensions

single dispatch -- Ji R
—Figeneric function pYRIEF, HSLBUR R T S EIW R BORIERN

slice -- YJ )i
W RALE TR & sequence I—FBHIXT % . V)R Fl i ] R ARFric eIz, 78 1) hA L
ANPAE S BEEET, Bl variable name([1:3:5]. HHE5S (FHR) ARICHENFRME A s1ice Xt
%,

soft deprecated -- £ 37 J]
e sE W APLAS N AE B g S AR A, (HAEC AR A& 24 . XA APLIE{R
BAE SR IR, (HA S BRI — 2D R T REHS i
LW FEIAIE, A APLRS R RIWA 2 % 55 1
Z: I, PEP 387: Soft Deprecation,

special method -- $5% J5
—FPH Python [R=XTH A ¥k, HIRAHEA B PA TR SRR AR 5545 . XA B mI A PRy
HRACHBUT XL . Rk A SCR 2 L specialnames .

standard library -- i )%
YEA'E J7 Python fifREss R G A R 73— IR B AT IR e, A3 Ry itk £R . R A A5
VBTN AAT £ SRS 0 R 2 BDCCRT G fbraryndes 5

HIEZ Y sys.stdlib_module_names FRIUIA A] HIFRIHE AL HA ARSI .

statement -- &4
EARREF B (— MRS <) AL, —ZRiBAT AT PAE A expression BT BT
ZERY, AN if. while BY for,

static type checker -- i A KIS i 2%
eI Python 15 I 64740 M, PAZE SR A 8UE ANk 5 45 IR AN T H. RS E 24 = AKX
typing k.
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stdlib -- Brifii g
standard library W45 .

strong reference -- 55 5| Hi
T£ Python ) C API 1, 55| @48 A5 B A Bt g5 1 i . FEQES | B el
W py_1NCREF () SRARHGRS | MAEMERT | ] @ i py_pECREF () RBEINE

Py_NewRef () PREXAIHE A T — XS sns | . W%, 7R FASRE | FH B9 /E H 3 e
Z5w5| H LA py_DECREF () PREL, PAREGT]H A -

152 R borrowed reference,

t-string -- t-" 7245 it

t-strings -- t-"24F i
WA © BT HISR T R T PR A AR B AR AT R TR Y (8

text encoding -- LA ISR
7r Python W, — A4 ER 22— Unicode 0S5 (FEFEI SN U+0000--U+10FFFF) . N T BB (B i —
MRS, EFRERTIME R —RFEAT

e 1 15 211 KA o e s e D5 71 € B 1 1S e 5 2271 e s TR B €SS i S 7
7.

BRI SCA AL Zithas, EOIBGENRA" SRS

text file -- SCA Lk
— MRS LS str XM file object. 38 HE— A SCA SO S BR 2 U 18] — AT 1) 75 B9 B0 T B
B4k Brext encoding. SCASCAF MBI FAFE PASCAA S (1o 8¢ 'w') TS, sys.stdin,

sys.stdout [/)L& i0.StringIO E@;WHO
HiESFEbinary file T fRREWSTEE T AT 2 1 SCIEXTA

thread state -- ZEFEIR A
CPython j2{7HfAE—A~ OS LT G E . B, X G ER Y a T4, IR
SRR IR A S

TR R IE B — Y OS Zife, (HAREWRERA L TR ARDIRAS . TER—MIE DL
T, ATRESLERIH Ao EATH I —AS

I8 K £ %1 Python 1) C APl #3FE Tl — A attached thread state, BdE— A EHRECCHY B G T A
FTEOL . i fRess LR s T — N E IS T .
A LRSI E T — A B RS, (B ERER fT R 2 AR, s —1> OS £
RINZANEIRE . K A Z RSN AR T RS 90 IR LR, (BAEE— e 2 E—
AR HBEA — SRR T AR Ao o
S SRR 2R RERR ol T e .
token -- i} 70
— ARSI, | AT (BUFR 43 28) AR AR, B, AR BEAE. TSR
Ok .
tokenize BIHONTHMEEE T Python FTRIEM MR . token B TAH X&FIHCRBMIE L.
triple-quoted string -- — 5|5
HREAW =AEEANG ]S () S8R5 ) WERSR. ENEDRESEREH A5 5
PR 2R, B2 ZFAL. ENARRTE AR NS RS LR FG SR
Z, HFHAT B AT o T A, RS SO AT BRI BT .
type -- S
Python Xf 4 [F) R B Yo i B J@ TAF AR AN R A AR 28, X2 2880 0] 3@ i H
__class__ JRMRIVIHEIEH type (ob3) HRIRHL.
type alias -- 375 #
—ANRARY[E] S, AE Ty O R S BUR B 45 e AR AT
R B E R R AL 2 20 2 ik . filan:

77



Extending and Embedding Python, A& {ThRZ 3.14.0rc3

def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuplelint, int, int]]:
pass

] DA e ] s

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

Z L typing Al PEP 484, HAfg 5t sb I sE AR A .
type hint -- JRMI 7R
annotation AR . FRJENE. BREVIE S BUR [ME S E TR 22,

FAUPLIR S M BT A2 Python ({58 IR, HEAIR 5 £ 26 & 2 RA AL, EN1ERE )
IDE SE A% 4 5 EAY

AR REMERRE BT fE T M typing. get_type_hints () KGR, {HJEHBAE &N
ANHTPA,

Z ), typing Fl PEP 484 H A X B RE IR0

universal newlines -- i Hl #if7
— MRS T, AT A f S # R TS AR & . Unix (T4 ZYE " \n' . Win-
dows [ 255 "\r\n' DA IH R Macintosh | ZJ5E '\r'. Z: Il PEP 278 #1 PEP 3116 # bytes.
splitlines () T ff#™ 2 MU,

variable annotation -- 25 {1 ki TE

AR 2K g M annotation.,
TEAREAS e R SR PR, I ] Pk A :

class C:
field: 'annotation'

AR RREE E IR R 2w - BIANA N A B2 int RAUAY(H:

[count: int = 0

AR B AR TEYR LN e I annassign — Y
Z: I function annotation, PEP 484 F1 PEP 526, H.rp3#iA T IhEE. 75452 % annotations-howto DA T
fR e FAARYE () B A SR R

virtual environment -- Kg {3055

— IR M ECRR B s T IR ERSE , Fui/F Python RN AR P A 42 FI T2 Python 73 & (A
2T IREN R — R GE LazfTHHA Python [ R FFH94TH -

FHZ, venv,
virtual machine -- L
— & e B E LT EANL. Python MEAIAL AT $A T i dmidg T 2E i byrecode

HERIBTRF
X IERARIEHAT - = FBURMFRE RIS B E oA fg—H

Zen of Python -- Python Z fifi
51| Python Bty 5424, A BT RSN XMIES . AF R RN A R HRAA SR
FFH# N import this”,
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APPENDIX B

e N

Python [ 34 2 H Sphinx M reStructuredText JFAE 1), Sphinx J2&—4>% JACFE Python SCRY T 4 5 11 3¢
A A -

AT REEZ I e, EWAETEIEE 2557, A0 Python AR o AR AR MUt TTmk, 5 P
reporting-bugs AFANMT S5 . FATHE R B ) 6 S |

RN it -
o Fred L. Drake, Jr., JR4f Python 3R T HAEZ G, RE R AEE
o T A% reStructuredText I Docutils Z4:[¥] Docutils i H ;
« Fredrik Lundh #J Alternative Python Reference i | , >/ Sphinx 242 /) 5T

B.1 Python TRy kE

A RZ X} Python i %, Python AiifEZE A Python SCREA TTHkAY A, Bl Python JRACADJp % 1) Misc/ACKS 3L
PEAIH T3 Tk -

AT Python 4t X ARITIHR, Python A4 1 AL H (R SCRS— IHIHRAT] !
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appeENDIX G

7 S F0iFATE

C.1 zR#pImE

Python 2 %F 1990 4£ %] 1 Guido van Rossum 7F frf = ) Stichting Mathematisch Centrum (CWI, [j, https:
Ihwww.cwinl) VER—17144 1 ABC FIEF G465 B35/ . Guido {59842 Python 1) = ZEH, R EHRA
& T2k B HAB AR BTk

T 1995 4F | Guido £ #:7 Jé I/ Reston T7 ) Corporation for National Research Initiatives (CNRI, T, https:
/Iwww.cnri.reston.va.us) &£z} Python #g TAE, fAedl B kK T2 A2 A .

Tr 2000 4£ 5 H, Guido #1 Python #Z%.0>FF % 41 A #% & BeOpen.com 41 %t T BeOpen PythonLabs [#]B\ . [H]4E
10 H, PythonLabs [#] A% % Digital Creations, 544}y Zope Corporation, 7 2001 4, Python Software
Foundation (PSF, I, https://www.python.org/psf/) {37, X—1% 11 NEE 5 Python #H 3 B H1R =AM
BISLHYARE A ZHEH . Zope Corporation ;& PSF [1)— MBI i .

JirA7 Python Z AR ZTTIRAY (A R IT PRI E XL https://opensource.org). FET S E, KREEAH A4
Python % 7fifiidt & GPL AR5 FREEE T4 A HIL .

RuRA  EBE i aE

©
U
—
i
0¥
N

&7 (1)

09.0% 12 nl/a 1991-1995 CWI T
132152 1.2 1995-1999 CNRI 2
1.6 1.5.2 2000 CNRI =
2.0 1.6 2000 BeOpen.com {5
1.6.1 1.6 2001 CNRI =2
2.1 2.0+1.6.1 2001 PSF o
2.0.1 2.0+1.6.1 2001 PSF 2
2.1.1 2.142.0.1 2001 PSF 2
2.1.2 2.1.1 2002 PSF =
2.1.3 2.1.2 2002 PSF =
22 FEE 211 2001 &4 PSF 2

O #ik

(1) GPL A H AL TATZHET GPL %A Python. 5 GPL A[A], FfA Python ¥F Al IEHR fLFHik
I3 K GAB VR IUCAR T FE TR TP IEAR BTG 18 8 . GPL 328 B ¥R I HIE (/5 Python W] DA Hofih F
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GPL EARHYE A AN AP RTUE AN AT RA

(2) #% % Richard Stallman [¥ii5, 1.6.1 A& GPL 3451, BBV AT IR & R & a4k H
JEH | CNRI ({1563, Stallman FOAEEIHE45F CNRI AL 1.6.1 5 GPL ” HIEARFEA.

AR ZAE Guido 155 T TARMISNTE I, , (AKX LKA N AT RE

C.2 FREE LIE A ERA Python BRI M

Python {441 S04 A9 {8 T 4 7] ¥4 Python Software Foundation License Version 2.

M Python 3.8.6 J14G, SXARYFH RGBT, BEVERS SN H AR R ] PSF License Version 2 Fi{lZero-Clause BSD
license XUEE A FH 77T .

FA 7 Python PR AR VFAT . I BEVFA] S SRR AT 2 R — RIS . A X e
AR SE R RS TP T A a9 75T 57530,

C.2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSEF"), and
the Individual or Organization ("Licensee") accessing and otherwise using this
software ("Python") in source or binary form and its associated documentation.

2. Subject to the terms and conditions of this License Agreement, PSF hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python alone or in any derivative
version, provided, however, that PSF's License Agreement and PSF's notice of
copyright, i.e., "Copyright © 2001 Python Software Foundation; All Rights
Reserved" are retained in Python alone or in any derivative version
prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee hereby
agrees to include in any such work a brief summary of the changes made to Python.

4. PSF is making Python available to Licensee on an "AS IS" basis.
PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of

its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any relationship
of agency, partnership, or joint venture between PSF and Licensee. This License
Agreement does not grant permission to use PSF trademarks or trade name in a
trademark sense to endorse or promote products or services of Licensee, or any
third party.

8. By copying, installing or otherwise using Python, Licensee agrees
to be bound by the terms and conditions of this License Agreement.
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C.2.2 FHF PYTHON 2.0 g BEOPEN.COM F o] tipiX
BEOPEN PYTHON FFJ5 i T 3 &5 1 i)

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an office at
160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or Organization
("Licensee") accessing and otherwise using this software in source or binary
form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License Agreement,
BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide license
to reproduce, analyze, test, perform and/or display publicly, prepare derivative
works, distribute, and otherwise use the Software alone or in any derivative
version, provided, however, that the BeOpen Python License is retained in the

Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF
EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY REPRESENTATION OR
WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE
USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE SOFTWARE FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF USING,
MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN IF
ADVISED OF THE POSSIBILITY THEREOF.

5. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all respects
by the law of the State of California, excluding conflict of law provisions.
Nothing in this License Agreement shall be deemed to create any relationship of
agency, partnership, or joint venture between BeOpen and Licensee. This License
Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or any
third party. As an exception, the "BeOpen Python" logos available at
http://www.pythonlabs.com/logos.html may be used according to the permissions
granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees to be
bound by the terms and conditions of this License Agreement.

C.2.3 FF PYTHON 1.6.1 §§ CNRI ¥F o] il

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA 20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI hereby
grants Licensee a nonexclusive, royalty-free, world-wide license to reproduce,
analyze, test, perform and/or display publicly, prepare derivative works,
distribute, and otherwise use Python 1.6.1 alone or in any derivative version,
provided, however, that CNRI's License Agreement and CNRI's notice of copyright,
i.e., "Copyright © 1995-2001 Corporation for National Research Initiatives; All
Rights Reserved" are retained in Python 1.6.1 alone or in any derivative version
prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,
Licensee may substitute the following text (omitting the quotes): "Python 1.6.1
is made available subject to the terms and conditions in CNRI's License
Agreement. This Agreement together with Python 1.6.1 may be located on the
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internet using the following unique, persistent identifier (known as a handle):
1895.22/1013. This Agreement may also be obtained from a proxy server on the
internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the derivative
work available to others as provided herein, then Licensee hereby agrees to
include in any such work a brief summary of the changes made to Python 1.6.1.

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1 FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOF.

6. This License Agreement will automatically terminate upon a material breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual property
law of the United States, including without limitation the federal copyright
law, and, to the extent such U.S. federal law does not apply, by the law of the
Commonwealth of Virginia, excluding Virginia's conflict of law provisions.
Notwithstanding the foregoing, with regard to derivative works based on Python
1.6.1 that incorporate non-separable material that was previously distributed
under the GNU General Public License (GPL), the law of the Commonwealth of
Virginia shall govern this License Agreement only as to issues arising under or
with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

(B L)

C.2.4 FHF PYTHON 0.9.0 E 1.2 ) CWI #F 5] #ipiY

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided that
the above copyright notice appear in all copies and that both that copyright
notice and this permission notice appear in supporting documentation, and that
the name of Stichting Mathematisch Centrum or CWI not be used in advertising or
publicity pertaining to distribution of the software without specific, written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN NO
EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, INDIRECT
OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS

Cawy
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE .

C.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMENTA-
TION

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH
REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL, DIRECT,
INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR
OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3 IgF a9 o] 5155
AT 52 Python K ATHR IR IS = A AT AN EGHNE B, 3G SRR A e 3 ORI K17 .
C.3.1 Mersenne Twister

YE°M random B R 2 _random C ¥ @B A% & T M http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/
MT2002/emt19937ar.html "FEH ARG DA 2 A ARG 1) 58 B ERE:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand(seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written

permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS

"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT

LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR

A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT OWNER OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR

PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
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LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

(B L)

C.3.2 EfEx

socket ffi[l] T getaddrinfo () fil getnameinfo () WIDE i H (A [a] 5 S04 https://www.wide.ad. jp/

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software

without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

C33 REEEFRS

test.support.asynchatiﬂ]test.support.asyncorei%tkfﬂf?ﬁkj:ﬁﬁﬁﬁo

Copyright 1996 by Sam Rushing

All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior

permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR

(T
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CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

C.3.4 Cookie &

http.cookiesiﬁikf@f?QLW:ﬁﬁﬁﬁ:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>

All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written

prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

C.3.5 HITIEER
trace AT PAT

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

Python 2.2 license.

Author: Zooko O'Whielacronx

http://zooko.com/

mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
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Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

C.3.6 UUencode 5 UUdecode & #k
uu G AL AR A A

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard

C.3.7 XML i3 =R A
xmlrpc.clientfﬁi&f@f?@&jiﬁﬁﬁﬁ:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. 1IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
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ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

(B L)

C.3.8 test_epoll
test.test_epoll *ﬁﬁ%@ﬁ%?ﬁﬁ%

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.9 Select kqueue
select fER KT kqueue FY4 & AT A H:

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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C.3.10 SipHash24

Python/pyhash.c {47 Marek Majkowski’ %] Dan Bernstein [ SipHash24 SVERSEH . B PA R
A :

<MIT License>

Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a copy
of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

C.3.11 strtod #0 dtoa

Python/dtoa.c SCAHEHALT C pREL dtoa Fil strtod, T C RUKS EHUEFI FAF R Z (B M55, BIRAE
H By David M. Gay % 5 1) [d] 44 3Cf4.  H B SCHF R £E https://web.archive.org/web/20220517033456/http:
/Iwww.netlib.org/fp/dtoa.c /i), fF 2009 4F 3 H 16 H Kz Z E 19 546 S5 AR UBCRI VR n] 75 BH:

/****************************************************************
*

* The author of this software is David M. Gay.
*

* Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
is included in all copies of any software which is or includes a copy
or modification of this software and in all copies of the supporting

* documentation for such software.

* THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
* WARRANTY. IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY

* REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY

* OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

*

***************************************************************/

C.3.12 OpenSSL

WERABAE R GEA SN hashlib, posix Fll ss1 £ffifi] OpenSSL PEEEETHERE. HAh, Python ) Windows
FI macOS “Z4 87 1] fE 2> 4% OpenSSL FERRIAS, Br AFRATHAE M 45— 15 OpenSSL /7 A] Ik 1) Il 4% .
XTF OpenSSL 3.0 &k, MHEGEATAERA, ¥{#iF Apache License v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

(T
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TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity
exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.
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Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their
Contribution(s) alone or by combination of their Contribution(s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—-claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate

as of the date such litigation is filed.

Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
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for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed
with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any

risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

(B L)

C.3.13 expat
pyexpat ¥ J&E M Fr G expat JERIASKIER, BRAEECE T --with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining

(BETID

C.3. WrRHRHaYiF =] 508

93




Extending and Embedding Python, A& {ThRZ 3.14.0rc3

(#2 E50)
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.14 libffi
BN ctypes BEERTJEN _ctypes C ¥ 2 (A4 1 Libfli J5 A B A L, BRAEA R ICE T

——with-system-1libffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. 1IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

C.3.15 zlib
R ARG EARBIRY 21ib BAKIHTCk N THE, W a5 zlib JEACR 7 DURAEE 2140 47

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not
(A
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claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean-loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

C.3.16 cfuhash
tracemalloc {Hi I Fr FE M) L PLEL T cfuhash T H

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived

from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.17 libmpdec
YEH decimal BEHFZM _decimal C ¥ 2 i 114045 T libmpdec PERYRIASAE ), BRIEF A BCE T

—-with-system-libmpdec:

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions

are met:
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1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. 1IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

(B L)

C.3.18 W3C C14N X EH

test A HI) C14N 2.0 MiR4E (Lib/test/xmltestdata/c14n-20/) $EELEH W3C R https://www.w3.org/

TR/xml-c14n2-testcases/ FHR#E 3 S5k ik BSD ¥4 A iF & 17:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.19 mimalloc
MIT A iE:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a copy
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of this software and associated documentation files (the "Software"), to deal
in the Software without restriction, including without limitation the rights
to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE
SOFTWARE .

C.3.20 asyncio
asyncio BEHKRLEHR MK H uvloop 0.16, ERRET MIT ik &ZATH):

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

C.3.21 Global Unbounded Sequences (GUS)

WA Python/gsbr.c B4 B subr_smr.c 1 FreeBSD HJ”Global Unbounded Sequences” 4Z4x P77 WL T % .
SR EET 2 453K BSD VR Al IEA K1Y

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS" AND ANY EXPRESS OR
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IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

C.3.22 Zstandard 435F

Modules/_zstd il Lib/compression/zstd ] Zstandard 4} & f2 2T 3 H pyzstd JE BCHE, BAUET
Ma Lin J A TTERE . pyzstd A4 &R A 3 253 BSD 1471k

Copyright (c) 2020-present, Ma Lin and contributors.
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this
list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice,
this list of conditions and the following disclaimer in the documentation
and/or other materials provided with the distribution.

3. Neither the name of the copyright holder nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE
DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY,
OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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JRALETA © 2001 Python #iff B4 2. LR FrAAUR .

WA © 2000 BeOpen.com. 4484 FTA A F] .

AL © 1995-2000 Corporation for National Research Initiatives., {7 85 A B .
WAL © 1991-1995 Stichting Mathematisch Centrum. % & FIrg AUF) .
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D
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expression -- RiAR, 67
extension module —- ?fﬁf%ﬁ%, 68

F

f-string —— f-F /5 &, 68

f-strings —- f—?fv/f'$,68

file object —- XX 4, 68

file-like object -- XA £, 68

filesystem encoding and error handler --
X7 G s R G SR AL R 2, 68

finder —- ﬁ%ﬁ%&, 68

floor division —- [ B[Rk, 68

Fortran :ﬁﬁ, 66

free threading -- H B %7, 68

free variable —— H BT &, 68
function -- ¥, 68
function annotation —-- X HAFHE, 68

101



Extending and Embedding Python, A& {ThRZ 3.14.0rc3

G

garbage collection -— Hr3% [E UK, 69

generator -- ﬁiﬁi%g, 69

generator —-- iﬁk‘%g’ 69

generator expression —- 4 K #FKiLk R, 69
generator expression —- 4 KKK, 69
generator iterator —— 4 AN, 69
generic function —- A E#, 69

generic type —--— 52@,69

GIL, 69

global interpreter lock -- 2 ffE#& &4, 69
H

hash-based pyc —- %fl‘:”’é\%% pyc, 70
hashable —- F#%, 70

IDLE, 70

immortal —-- ﬂ(éﬁ?ﬂ’ 70
immutable —- AE X £, 70
import path -- «%)\%%—_,70
importer -- .Ei)\%'%, 70
importing -- & A, 70
interactive -- 5)55,70
interpreted -- ﬁ’%;@ﬁ,70
interpreter shutdown —- & X H, 70
iterable —- T‘]—I%ﬁﬁ?fi, 70
iterator -- I%TJQ‘%%, 71

K

key function -- #F %, 71
keyword argument —- X#FHHK, 71

L

lambda, 71

LBYL, 71

lexical analyzer —-— lﬂffﬁ‘fﬁ%%, 71
list —- 5’]%’71

list comprehension -- 5’]%%&%5" 71
loader —-— j]ﬂﬁi%&, 72

locale encoding —-— ﬁji%:lzjﬁ%@%ﬁ, 72

M

magic method —-- JEARF &, 72
mapping —-- B4, 72
meta path finder —- ﬁ:%?é%é%k%%, 72

metaclass —- T, 72
method —-- 7"7‘,/2

%k, 76

A, T2

method —— F i, 72
method resolution order —-— JFEMAHIN)FE, 72

module —-— 7‘%%, 72
module spec —-— Tﬁﬁ%%ﬂ%, 72
MRO, 72

mutable —- _ﬁf?ﬁﬁ?ﬂ7 72

N

named tuple —- /E\—%ﬁ]éﬂ,fi
namespace —-— ﬁ%‘%é]\“ﬂ,73
namespace package —-— fﬁ%?ﬁfﬂ@,73
nested scope —-— @k%{’?}qﬂi‘jﬁ, 73
new-style class —-— %?;’Eﬁ;’é,73

O
object —-- X‘f?fi
W 2B, 46
AL, 46
object —- Xt4£,73
optimized scope -- Bk 1E A B, 73

P

package --— 4,73

parameter ——- H%,73

path based finder —- ETEBENEHKE, 74
path entry —- B#ZANH,74

path entry finder —— B&EA P& E, 74
path entry hook —- E@fé)\mé@%,'m'

path-like object -- HBZEXXT£,74
PEP, 74

Philbrick, Geoff, 14

portion —— #4-, 74

positional argument —— fI & 5%, 75
provisional API -- # % API, 75

provisional package -- %E@,, 75
Py_NO_LINK_LIB (C macro) , 54
PyArg_ParseTuple (C F3), 13
PyArg_ParseTupleAndKeywords (C FH3), 14
PyErr_Fetch (C &%), 47

PyErr_Restore (C FHi%), 47
PyObject_CallObject (C FH#), 12

Python 3000, 75
Python ¥ 3EZ Y ;
Python HHEZEN;
Python ¥ IEZE;
Python 3 H&Z;
Python ¥ 58 Z P ;
Python 3B Z N ;
Python HHEZE;
Python HHEZE;
Python 3 & Z;
Python ¥ 5823 ;
Python I HEA;
Python ¥ 3EZE N ;
Python HHEZEY;
Python 3 EEE I
Python 3 E
Python HHEEN;
Python ¥ 382 ;
Python HHEZEY;
Python ¥ EZE;
Python 33 Z;
Python ¥ 58 Z P ;
Python 38 Z W ;
Python HHEZE;

PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP
PEP

1,74
238,68
278,78
302,72
343, 66
362, 64,74
411,75
420,73, 74
442, 17,47
443,69
483, 69
484, 63,69,78
489,5
492, 64, 66
498, 68
519, 74
525, 64
526, 63,78
585, 69
649,63
683, 70
703, 68, 69
3116,78

102

#5l



Extending and Embedding Python, A& {ThRZ 3.14.0rc3

Python #BEZ I ; PEP 3155,75
PYTHON_GIL, 69
Pythonic, 75

Q

qualified name —- [RZE%#R,75

R

reference count —-— %I}ﬂﬁ%ﬁ{, 75
regular package —-— Pr‘%’%ﬂu@u76
REPL, 76

repr

W EE R, 47
S

sequence -- 775,76

set comprehension —- %é\%ﬁ%ﬁ,ﬂs
single dispatch —-- —?iéj\/)ﬁ, 76
slice —- JF)]H’,76

soft deprecated —- #\ﬁ}ﬂ,76
special method —- %% ¥ %, 76
standard library -- #F¥EJE, 76

statement —- i%ié'],76
static type checker -- HAXAKEH, 76
stdlib —— FREJE, 77
string
R MR, 47
strong reference —- 3&%])%377
T
t-string -- t-F48H,77
t-strings —- t—?ﬁ$’77
text encoding -- XZIK%@%EE, 77
text file —- jzkiﬁ:» 77
thread state —-— 2%7,]‘5%%3,77
token —— ‘VE]]E,77
triple-quoted string -- =5 EFF &, 77

type —— K&, 77
type alias —- 3@@5@@,77
type hint -- XAEAE, 78

U
universal newlines —- i@}ﬂ%‘ﬁ{fﬁ’,78
Vv

variable annotation -- T A5, 78
WEEH

repr, 47
virtual environment —- JE#IFIE, 78
virtual machine —-— )Ej’b}(fﬂi,78

W

WA LE, ML, 46
AN, KR, 46
BHREH,T8

Z

Zen of Python —- Python Z##,78

gL ]

103



	推荐的第三方工具
	不使用第三方工具创建扩展
	使用 C 或 C++ 扩展 Python
	一个简单的例子
	关于错误和异常
	回到例子
	模块方法表和初始化函数
	编译和链接
	在C中调用Python函数
	提取扩展函数的参数
	给扩展函数的关键字参数
	构造任意值
	引用计数
	Python中的引用计数
	拥有规则
	危险的薄冰
	NULL指针

	在C++中编写扩展
	给扩展模块提供C API

	自定义扩展类型：教程
	基础
	向基本示例添加数据和方法
	提供对于数据属性的更精细控制
	支持循环垃圾回收
	子类化其他类型

	定义扩展类型：已分类主题
	终结和内存释放
	对象展示
	属性管理
	泛型属性管理
	类型专属的属性管理

	对象比较
	抽象协议支持
	弱引用支持
	更多建议

	构建 C/C++ 扩展
	使用 setuptools 构建 C 和 C++ 扩展

	在 Windows 上构建 C 和 C++ 扩展
	菜谱式说明
	Unix 和 Windows 之间的差异
	DLL 的实际使用


	在更大的应用程序中嵌入 CPython 运行时
	在其它应用程序嵌入 Python
	高层次的嵌入
	突破高层次嵌入的限制：概述
	只做嵌入
	对嵌入 Python 功能进行扩展
	在 C++ 中嵌入 Python
	在类 Unix 系统中编译和链接


	术语对照表
	关于本文档
	Python 文档的贡献者

	历史和许可证
	该软件的历史
	获取或以其他方式使用 Python 的条款和条件
	PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2
	用于 PYTHON 2.0 的 BEOPEN.COM 许可协议
	用于 PYTHON 1.6.1 的 CNRI 许可协议
	用于 PYTHON 0.9.0 至 1.2 的 CWI 许可协议
	ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON DOCUMENTATION

	收录软件的许可与鸣谢
	Mersenne Twister
	套接字
	异步套接字服务
	Cookie 管理
	执行追踪
	UUencode 与 UUdecode 函数
	XML 远程过程调用
	test_epoll
	Select kqueue
	SipHash24
	strtod 和 dtoa
	OpenSSL
	expat
	libffi
	zlib
	cfuhash
	libmpdec
	W3C C14N 测试套件
	mimalloc
	asyncio
	Global Unbounded Sequences (GUS)
	Zstandard 绑定


	版权所有
	索引

